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When the END RESULT 
must be FULL RELIABILITY 
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supply the MEANS 


In today’s missiles and aircraft, so 
much depends upon so little! As 
aircraft and missile men know, 
failure of just one of the many com- 
ponents linked together in com- 
: plex systems, can put the whole 
system “out of business.” Every 


crack, leak, or defect that you need 
to find will go undetected. They 
cover the whole range of magnetic 
or nonmagnetic metals, ceramics or 
other materials you work with, de- 
sign for, or fabricate. Also, eddy 
current Magnatest equipment con- 


“A a part has become a critical part! trols metallurgy, heat treat, hard- 
_ 3 > . 
; ; : ness, etc. — in further nondestruc- 
. In this equipment chain, parts of __ tive tests. 
; normally high reliability can be in- 


tolerably unreliable as part of the 
whole interdependent system. 
When one failure in 1000 is too 
many — and may cost a million or 
more dollars — only reliability 
standards approaching the fantas- 
tic are good enough. 


Similarly, only scientific inspection 
and testing systems can hope to 


These Magnaflux Test Systems are 
currently helping to assure near- 
infallability of materials for pro- 
ducers of components used in many 
missiles and aircraft. They are pro- 
viding testing standards to fit the 
need ... helping to keep both test- 
ing and production schedules on 
schedule . and saving a great 
deal of money for prime and sub- 


7 | maintain such standards. contractors besides! Note, too, you 
 - - : P don’t need to buy test equipment. 
. Magnaflux Nondestructive Testing We have service testing facilities in 
Systems provide the means. Proven 16 cities 
| practical and economical in just net 
, | such uses, they enable you to as- To find out what Magnaflux Test 
i acd sure the physical reliability of com- Systems can do for you write for a 
1 > i ponents — whether precious one- meeting and idea session with an 
F : ; of-a-kind units or volume produc- experienced Magnaflux Engineer. 
1 ¢ | tion items. These Test Systems are You set the time and place. There’s 
i od so precise in their findings that, in no obligation, of course — but 
‘ a their recommended service, not a __ plenty of help for the asking. 
} a 
; ] MX Test Systems—used for more test operations 
f | than all others—include: 
L J 
’ ; MAGNAFLUX-MAGNAGLO ZYGLO SONIZON 
: | Magnetic particle testing Fluorescent penetrant marks Ultrasonic testing for thick- 
4 ‘ for cracks and defects in defects in nonmagnetic ma- ness or sub-surface defects. 
’ magnetic metals. terials. 
STRESSCOAT MAGNATEST Also others 


Electronic testing for hardness, Tell us your needs, 


conductivity, cracks, etc. 


Brittle coating stress analysis. 


MAGNAFLUX CORPORATION 
7326 West Lawrence Avenue ® Chica-o 31, Illinois 
New York 36 ® Pittsburgh 36 © Cleveland 15 © Detroit 11 ® Dallas 35 © Los Angeles 22 


in nondestructive test systems 
\ a a J 


heal 
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Tremendous pressures and temperatures are gener- 
ated in this shock tube at Lockheed Aircraft Corp., 
to simulate conditions encountered by a long-range 


ballistic missile re-entering the earth's atmosphere. 


High pressure gas triggers shock waves which travel 
17 times the speed of sound. Instantaneous tempera- 
tures range above 15,000 degrees F. 

The 44-foot long tube is an assembly of ESCO 
heavy-wall Spuncast® castings hydrostatically tested 
at 10,000 PSI. It is typical of the many exacting cast- 
ing jobs that wind up at ESCO. 

Simplify your design problems by calling ESCO 
for special alloy steel Spuncast pipe, standard heavy 
wall fittings, and special design fittings and valves. 


ELECTRIC STEEL 
FOUNDRY COMPANY 


2187 N.W. 25TH AVE. « PORTLAND 10, OREGON 


MFG. PLANTS AT PORTLAND, ORE. AND DANVILLE, ILL. 
Offices in Most Principal Cities 
ESCO INTERNATIONAL, NEW YORK, N. Y, 
IN CANADA ESCO LIMITED 
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THE COVER STORY 


Chemistry and electronics are being 

relied upon heavily to provide man 

with his wherewithal for the conquest 

of space. In an effort to cope with 

the increasing need for new materials, f 


literally being rearranged into new 


utilized to extend the invisible 
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AMERICA’S 
ARMAMENT 
MAGAZINE 


keep up with 


WEAPONS PROGRESS 


Learn about the design, pro- 
duction, and use of today’s com- 


plex weapons in Oxpx ance maga- 
zine and other American Ord- 
nance Association publications. 
Orpnance, published for A.O.A, 
members, reports on the work 
of science, industry. and our 
armed forces in developing new 


armament and building national 
preparedness. 


A.O.A. services keep you up 


to date on new weapons and 
provide the practical knowledge 
to help you in any phase of 
ordnance work. Your member 
ship also builds weapons know- 
how for our country. 


AS A MEMBER YOU GET: 


@ ORDNANCE magozine (bi- 
monthly). Authoritative articles cov- 
ering weapons design ond manufac- 
ture, plus related topics on America's 
ormoment preparedness. 

@ THE COMMON DEFENSE— 
monthly newsletter on the ormament 
progress of our Army, Novy, and 
Air Force. 

@ INDUSTRIAL PREPAREDNESS— 
oa bi-monthly report on the activities 
of A.O.A. National Technical Divi- 
sions (available on request). 

@ Membership in a local Chapter. 
@ Other benefits—ottendonce at 
national meetings, embossed mem- 
bership cord, plant visits, weapons 
tests and demonstrations. 

@ Members also have the satisfac- 
tion of actively supporting a vital 
port of our national security—scien- 
tific and industrial preparedness. 


JOIN THE A.O.A. 


only $4 a year or $10 for three years 


(MAIL COUPON TO: 


AMERICAN ORDNANCE ASSOCIATION 


Dept. M-3, Mills Bidg., Washington 6, D. C. 
Secretary A.O.A.: 


Enroll me as an A.O.A. member. I enclose 
dues ($4 for 1 year, or $10 for 3 years) and 
certify that I am a citizen of the U.S.A. 


NAME 


Company 


Principal Product 


Your Position 


1 
| 
| 
| 
| 
| 
| 
| 
| 
| appress 
| 
| 
| 
| 
| 
| 
| 
| 


| Signeture 


I 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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Time to Abate Missile Fever 


Expenditures for manned aircraft are de- 
clining, while spending for unmanned aircraft is 
increasing. Right now, 21 cents out of each air- 
craft and missile dollar is used for missiles. Next 
year, it will be 26 cents. Back in 1952, only 114 
cents per dollar was allocated for the missile pro- 
gram. 

Just for space exploration this year, the 
U. S. is spending $100 million. Next year, $300 
million. By 1967, it is anticipated that we will 
hit the billion dollar mark. 

Sometime in the future, conventional mili- 
tary aircraft expenditures will be below that of 
military missiles and spacecraft. Exactly when 
the two curves will cross is anyone’s guess at the 
moment. 

Does this mean that we are going to do 
away with conventional aircraft? Not at all. 

Actually, the budget for manned airborne 
vehicles—for civilian and military use—will con- 
tinue to take a huge share of the total outlay. 
The curve will level out; it will not go to zero or 
anything close to it. 


Remember, we must still develop higher 


performance aircraft for a variety of missions— 


supply, long and short haul transport, strategic 


power, close support of ground troops, air-sea op- 
erations, evacuation in peace and war, and other 
phases of air travel not feasible with missiles or 
space vehicles. 

Much work must be done in shortening 
landing and take-off distances for jets, gas tur- 
bine fuel economy, jet silencing, mid-air collision 
detectors, and a host of other items that will pro- 
vide an even higher degree of safety and efficiency 
than that which we enjoy today. 

We definitely do not foresee any abrupt 
end to the usefulness of the human pilot as long 
as there is an Earth to live on. 

This is one of the reasons why AMM pro- 
vides an equal coverage of both aircraft and mis- 
sile programs. Neither should be exploited at 
the expense of the other. 

Technological advances in each go hand in 
hand. 


Editor 
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Narda SonBlasters offer the most complete line 
of lowest-cost mass-produced ultrasonic cleaners! 


Narda’s mass-production techniques assure you the most 
complete line of ultrasonic cleaners at the lowest prices in 
the industry! From the smallest 35-watt to the amazing 

500-watt unit with a tank capacity of 75 gallons, Narda’s 
SonBlasters are available now—off-the-shelf—for immediate 
delivery. And with a full 2-year warranty besides! 


What do you want to clean? Hot lab apparatus, medical instru- 
ments, electronic components, automotive, missile and 
avionic components, optical and technical glassware, timing 


Generator G-202  Transducerized Tank NT-202 
35 watts Capacity: % gallon 


An amazingly efficient, yet inexpensive, ultra- 
sonic cleaner. Duty cycle timer permits opera 
tor to turn the unit on, set it, and leave; the 
SonBlaster will turn off automati 
cally at the end of the cycle. Four 


choices of timers—from 0-15 min 

to 0-120 min. Also available with $ 
out timer at slightly lower cost 
(G-201) 


60 watts 


between two tanks 


Generator G-5001 
500 watts 


Generator features standby switch for longer life and load selector 


switch on the front panel to operate up to 8 submers 
ible transducers or 8 NT-602 or 2 NT-1505 transduc- 
erized tanks at one time. Larger tanks available on 


special order. 


Transducerized Tank NT-5001 
Capacity: 10 galions 


Submersible Transducer NT-605 


- Heli arc welded stainless case, hermetically sealed 

— for safe, leak-proof immersion. Radiating face: 27 
sq. in. Effective plane of radiation: 40-50 sq. in. (approximately 10” 
x 5’ Effective cavitation of volumes up to 1200 cu. in. at 24 in. tank 
height (5 gal.) and 2400 cu. in. at 48 in. tank height (10 gal.). Bulkhead 
electrical fitting on back allows all wiring connections to be made on 


outside of tank. For use in any arrangement or location 
in any shape tank you desire to use. Also available — 

mode! NT-604, identical with NT-605, except for pipe $ 

thread instead of buikhead fitting, permitting electrical 

connections inside of tank. 

Consult with Narda for all your ultrasonic requirements. The SonBlaster 
catalog line of ultrasonic cleaning equipment ranges from 35 watts to 
2.5 KW, and includes trarisducerized tanks as well as immersible trans- 
ducers which can be adapted to any size or shape tank you may now 
be using. If ultrasonics can be applied to help improve your process, 


Narda will recommend the finest, most dependable equipment available 
-and at the lowest price in the industry! 
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Generator G-601 Transducerized Tank NT-602 


A more powerful production-type unit, with a 
special circuit and selector switch 


permitting operator to alternate 
etwee s, when items 
being cleaned require different 


solutions or a two-step process. 


mechanisms — Narda’s SonBlasters clean ’most any mechani- 
cal, electrical or horological part or assembly you can think 
of—and clean faster, better and cheaper. 


No matter what you need in ultrasonic cleaning equipment, 
you'll find Narda’s complete line of production-size units have 
the quality, power, performance, capacity and appearance of 
cleaners selling up to three times their price! Write for more 
details now and we'll include a free questionnaire to help 
determine the precise model you need. Address: Dept. AMM-16. 


Generator G-1501 Transducerized Tank NT-1505 
200 watts Capacity: 5 galions 


The lowest price in the industry for a tank of 
this capacity and activity. Gener- 


ator also will operate 2, 3 or 4 
submersible transducers at one 
time, with just a turn of the load 


selector switch on the front panel. 


Capacity: 1 gallon 


Generator G-25001 
2500 watts 


The largest mass-pro- 
duced industrial-size 
transducerized ultrason- 
ic cleaning tank made! 
(Tank NT-25001; capac- 
ity: 75 gallons.) G-25001 
generator also energizes 
up to 40 submersible 
transducers. 


+4360 


For custom-designed installation and unique electro-acoustic 
applications, including cleaning, soldering, welding, drilling 
and non-destructive testing, consult our subsidiary, Alcar 
Instruments Inc., at the address below. 
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TUBULAR BRACE BEFORE UNIWELDING 
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" _ LANOING GEAR CYLINDER BEFORE UNIWELDING 
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— HBL LANDING GEAR PISTON BEFORE UNIWELDF 
NDING GEAR CYLINDER UNIWELDED ‘: rin 

AND FINISH MACHINED ‘ ny a 
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“4g 
7 LANDING GEAR PISTON 

UNIWELDED, HARD CHROME PLATED | 
P AND FINISH MACHINED ‘ 
} a: “= 5 
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~ Now... MENASCO can UNIWELD 
and HARD CHROME PLATE 
TITANIUM ALLOY (components 
4 


MISSILE TANK COMPONENTS 
BEFORE UNIWELDING 


MISSILE TANK UNIWELDED « 


AND FINISH MACHINED 


to your specifications 


Up to 40% weight reduction possible by the use of 
MENASCO’s exclusive Uniwelding process which 
assures superior strength, greater consistency, and 
ductility in welds, and, excellent wear-resistance by 
the only proven method of hard chromium plating. 
Illustrated are typical examples of what MENASCO 


can do with these two processes to fabricate titanium 
components for aircraft and missile applications. 


Major aircraft manufacturers look to MENASCO for 
efficient engineering, product development and new 
fabricating techniques. 


WHAT ARE YOUR REQUIREMENTS? 


FIRST IN development, quality, delivery and service. 
SPECIALISTS IN AIRCRAFT LANDING GEAR 


menasco manufacturing company 


805 SOUTH SAN FERNANDO BOULEVARD, BURBANK, CALIFORNIA 
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Vanguard vehicle 
leaves launching pad 

in TV-5 test. Third-stage 
failed to ignite. 


Latest Vanguard effort 
was SLVI (Satellite 
Launching Vehicle 1!) on 
May 27. Objective was 
to place a 21% Ib 
instrumented sphere in 
orbit. All stages ignited, 
but no orbit was 
achieved. 


Vanguard details 


revealed 


design, materials, and 
methods of construction 
for a temperamental missile 


by John P. Kushnerick 


three-stage missile called 


The slim 72 ft, 


Vanguard has been as tempermental as the little 
vith the cur When it has been good, it has 
ery rv good, but when it has been bad, 
| een horrid. 
( ! hav oe 
" ‘ or é ) 
I ! ! ! ! - 
2 
} 
adn 
! TI g 
he entire ] Tr} 
i}] nsti ime! ter 
QO! \p 17 a> iInsuccesstul . « a 
ire of e third stage roc] to 
elt "ity 
Vanguard has been described in some 
larters as tne first of a new breed, a completely 
ned n ile with a propulsion system built 
m scratch. This is ‘given as reason for the 
veral “‘failures.” This borders on alibi talk. 


“Vanguard is neither a completely new system 
ior is it made up of ‘off the shelf’ hardware. Its 
technical roots dig into the fertile ground of pre- 
established propulsion techniques, while 
everal new approaches have been added which 
go beyond established techniques.” (Kurt R. 
Stehling, NRL). f ! t 


( 1 ed on ne ge 


panes 
V10 isi} 


meh 7 ese iemeoy A Seman A See Pie ne ae. ee of Bs A 7 a. en eneae 2. Oy a ee eR oe) Gee 
at ac hs See eet | ees So RS cc oe es : Shenae 2 Sabena uletta  T caeat 
Go eee ye re ee Ses F 2 oe a ee Liss Ah Rolie ee ee Re ee 
wie > Biawds Riec> alae es Cae Pee oat i eon of ale poppet eee 
ma. 4 a ‘ WIGS he ae (a re 4 clin 0 r . Butea heya 
ie " a ie See a Bee oe ee Ue Ny a 7 pat eee y eit ipl Se a3 pit 
“| phan atau Plawund ae ae 4 tae ee eS Se ME I See eS: Se | en a ee ee oe Re a la aa iat ga 
i i Tere ri 9 9 Saat eanaaan ae eee} 
1 cto lt eas E Dee We oe. es A See = nos | ea 
a a Ree es re eae 
7 : j Vim Re sr ea oo akbar a ens. ae 
OMG oc dee ae ee ies. ame eee ew a ab Mine 
\ j ¥ ieee ee ERE OS aa ae el ; 
ie : Cot reas 00 Sa aan a ¢ “a A ae ee Oe ee 
eee er ct er aes: he a A = Pay 
me oe Sak gh een La es ae’ Seema 2 ae 
ae 1 aaa ee Wilmer ieee 4, ; ae: Br at 
Shot As ithe dae mee > See AO en Pe ae SAS ee 
Ee i age OO ime CU 5 OE 9 GIN sala ees tes 

ae eae ee SO fe ee ee py ees 
z ; ae ea. eae a eee eee 
CNR eet aR ganiey RG RIS eR ice Cala Rr oe tds 

BAR ena ea ake 4 eo ae oS wee ‘slates ee wares 8 ieee 
2 aad covers a ota) ames oe. ; fe a Nees ena 
i Sega 25 es Co. eee ee a ferro e 

Ne Sermeene SM Ske Sok: Wereeey eee ae 

a pe Te i a ee cS eo) Foes oh iy 

ae \ oe ea ig gee a ee Se 1 ee re See Briss 

‘ & : ‘ e . oy ee ; ) eee ae Be me er! Be « esi Ro 

eee, iuut ogee Sa batt Nee hs 

ae co Cees ae ax BS ee OSS vas 

i career 5 ee es Pe ele sia 

ah ee) ee eae 

ae err 4 Eee ae ei ee a, Oe Beal rey : sila 

a gh Gee oie io Raker sch ie ~ Eee Te) 

Pits, Shige.” anit eee Pieri eae ate 
3 eee oe ae “ ane pee © ates Gn. aia 

. Wage Fe cies ae RAR Cl Sf here 

sa | tae be eS eae b a See ahem 

: whic 3 ARE aia ee Re tee 

’ a a i a Beat § a . ee ae cas eS = 
iG f an é eee eae 4 oS ei ear he eg: 
is , E wae ys pe arses 7 a ae 
i s : ) ees Ree ee 
ey mo a: Ne . oN Teele ce) 2's 

fe es ; eos. Saas | V SSEAD? 2 Sears eames“! Vag 

5 ¢: ‘ ® we. 2 4 ea nl nee 
ae - sts te fo . m Pe! et oe f 

7 iy) Ry a Pie ts. ee om rar 
; aL) Nines A gia Boe ae, te) 
% a SE tet a eee Ms hha ea 
eS ee yo tk Peo ame woe Tae ‘ = 
BE Si : 7S ae ee F re ACS eae ee 
ie Se ae a oS eee es co ee a 
wee ied Sa 1s eke, ea eres en wet. . a 
be me re | oS SR at aah i rig 1 staea 
ee, A aime Scag ae SPI i >. a 
‘: vais “ee etee Gee aa i a ee Sees 
a m ” af Sag se j ; : ee t pep sista & 
: mee |< oh, ee Ca Nmae eS See (ne aoe 
: Be be te ae ai eat: er : 
ig Ai Bayt “ge ce a eee ON, ames Fea 
eS wie -. aes eer = eed re 

‘ fries oo RO. SAR eee ‘ J 2 je te - aan 
Bt pete St er. Pemes — | Pte eee Pats 
TN See ame }) tear eae ee Ae. onl St 

aire et ae: ee i ew Rigas y= 
pote oo ee: ee te ot ee 
ia eae pe See ee a a ee pee 
Soon: “nee hig % Sooke kee a ee ora see 
ae a s - fees eS ae big he ge eae re. poe 

see at a Be a 

i Sit 45 o \ each eae ¥ oy, 
Ea Shr ae ae t om oe 4 te eee a 
: rece ns ere Lae oi as Par aph 7 ; 3 oa 
Pee Se eee ee a ee OO ae. em 

@ ge} ae Oe oa . gee eh a 
sy k a ba a 
See b saad es i ae ee eee: kl em : "ae 
Ne! wala ; Dos: ._ Ske a Big 
i ; eee ee ae ae Ss * nae 
Ee de eee” Pe 
QE eres i, aaa aj genie ae ees 
Ay 220) as Hs eee ta. ee aa "Wares bso 7 
Pasi: a : negli ieee he. gst 
i : Sf 5 : f ee Saee So 2. eee ie 
ia hie of a ae tints ane as 
gale al baa ‘Soe a 
goes cM Was an. EB. yaaa 
bas , oe oe ae. i eS 
‘ieee “toe ii F 0 a7 Co ais ale 2 
7 ie oe al we ..? ls) Saat apes 
er = 4' ae Ay: cea Ae ees 
3 at : F i hoe 
iy aed i; wey: : we an 
megs Pa PMs - be 
*m _ 4G Gs ie We ‘ 
1 ek . ¥t * F » th ae a 2 i > ol 
— Tr bs * WAS &. B+ % bs " 
cet : 4 y Oks 7 1 ee + a re 
er kh Og “ : oe ae i 2 
4 5 . as oi en, 

» a an ee A ele 
itt “ee oan Oe ies Gs 
re : _ eh tee 
e _ SS hee ae 

? ain yee P. i _ ioe ee i a 

> imumnrree ise : 4 “ae Sa aa 

i? casts e . . wo ee ep ahs 

f re ; ‘ 
: i ro : e ie See eB ae b ; 
; ball 4 = ‘on f- Ce ’ 
: 3 ; fae ft d — : : ‘ 
‘ , ae! ars : ak 
: Tons te ' > oe oe 
, f , " ; ne oe 
¥ es. _ tres vay 
: . may aTy. see: ra 
‘ a > ~~» . : lei ts 4 Rig 
i Bess ad rs ; ‘Sage % f oer ; 
{ > Pes ahah 4 ae age 
7" go Pee af eae eee 
: ie A, yg . a a ea ea 
; * ees Py i : ae 

\ Cad © 7% Bes. j eae 

4 ve 4 q - 5 We 

‘ ‘ y = iy. 5 

. 4 4 ogy ae) x 

i iad ; a 7 a 

4 ‘ ‘ . ae A eae 

; fo 7 ‘ . eS F 5 
3 i +. “$) ee gael 
j ee . L : aa 
4 Bs ae 

‘ Sty j j 3 “Sere 
ie : ‘ \ oe 
ied 5 4 - ; sae 
| 2 Aa 
cus pe 
| aoe 
we \ 3 ee 
c= r a 
‘ a ier 
; 4 re 
} a 
ae 
erie 
7 . ~ ~ ah 
‘ ie 
~ ee 

v Gait 

a 

T ERNE 

, as 
‘ T 1 tea 
’ 1 ! 
f pil Soa SENS 

Be . & ae 
No) ot s Se DER sae GERI gp tiie sc 1 a a ag Pe er RmRRE ee Neer cee MMS Le ey Aer eee ee eee oa ici cats ct Li en 

cs — Sere kd eee | Ae By sh Peer eis i ee al epee aie emis TTB ay ~ Uieieemieet ieee too Lag eer a 


TITANIUM TIP (1500 F) 


ASBESTOS REINFORCED 
PHENOLIC (800-900°F) 


MAGNESIUM - THORIUM 
ALLOY (600° F) 


INTEGRAL TANK 
410 STAINLESS STEEL 
FOR UNSYMMETRICAL 
DIMETHYL HYDRAZINE 

(300° F) 


HELIUM PRESSURIZING 
SPHERE 


INTEGRAL TANK 
410 STAINLESS STEEL 
FOR FUMING WHITE 

NITRIC ACID 


SECOND STAGE ENGINE 
AERO JET GENERAL 


MAGNESIUM ALLOY (300° 

SIX EXPLOSIVE BOLTS IN 

TRANSITION SKIRT FOR 

SECOND STAGE SEPARATION, 

ELECTRICALLY DETONATED 
(PETN) 


LOX (-350° F) 
606! ALUMINUM 
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MAGNESIUM ALLOY 
606! ALUMINUM—-—-————> 


HELIUM SPHERE 


HYDROGEN PEROXIDE 
TANK 
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360 GIMBAL MOUN’ 
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THRUST STRUCTURE 
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Vanguard details revealed 


continued 


oe BPS 


First-stage, rocket-motor, base plate is machined after 
outer jacket is welded in place. Welds are 
evident as dark areas. 


The several areas where refinements have 
been made place the three rocket motors on the 
fringes of ideal combustion efficiency with exist- 
ing fuels. This has presented a problem in heat 
transfer and ability of existing materials to cope 
with combustion chamber temperatures. 


First Stage Rocket Engine 

The 27,000 Ib thrust first stage rocket is 
liquid propelled. Design is such that a coolant 
flowing between the inner and outer shells of the 
thrust chamber is able to absorb the heat flux 
necessary for maintaining the integrity of the 
combustion liner. 

The rocket motor is constructed largely of 
4130 steel. It consists of an inner jacket and an 
outer jacket. A precision wound helix is welded 
to the inner jacket to provide circulatory passage 
for the kerosene fuel which enters the cooling 
jacket at the base of the rocket. The kerosene 
simultaneously removes heat of combustion from 
the liner walls and absorbs heat to make its own 
combustion more efficient. 

The inner shell is fabricated on a Hydro- 
form machine. The venturi section of the outer 
shell is roll-formed in two sections then welded. 
The upper and lower sections of the 4130 outer 
case are also roll-formed in two sections then 
welded to the venturi on a master gage. 


The first stage kerosene and liquid oxygen 
(LOX) fuels first come together at the top of the 
combustion chamber after making their way 
through separate passages in the 16 ring injector 
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Helix for regeneratively cooled rocket motor is 
welded cn the inner jacket of the motor. 
4130 steel is major material of construction. 


plate. About 1600 holes are precision drilled and 
then brazed in the 300 series stainless steel rings. 

The rocket is gimbal mounted to provide 
814 deg movement from the vertical axis through 
a 360 deg arc. That is, the engine may be hydrau- 
lically deflected from the perpendicular, follow- 
ing an inverted cone shape to a maximum deflec- 
tion of 814 deg. This is to provide steering since 
the missile has no vanes. 


Master Gages 


Thrust is transmitted through four legs 
of 6061 aluminum which connect the motor to the 
first stage of the missile. The fact that the thrust 
unit is fabricated at General Electric, Evandale, 
and the first stage and engine mounts are fabri- 
cated at The Martin Co., Baltimore, has made 
the use of master gages imperative. This tooling 
problem is not restricted to the first stage. The 
extensive subcontracting on Vanguard has been 
responsible for a planned master gaging program 
that is a major project in itself. 

Because the third-stage rocket is solid pro- 
pelled and is handled only at the firing site, 
master gages are supplied and used extensively 
by the subcontractor and Martin plants to ensure 
the proper fit and function of this most critical 
point of the launch vehicle. It is a “function” 
because it is this section that is used in the spin- 
stabilized launch of the satellite itself. The spin 
table, bearings and bottle sizes, and locations are 
all very critical, and this portion of the master 
gaging program has received very close attention. 

continued on next page 
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Vanguard details revealed 


continued 


Injector is composed of 16 concentric 
rings which are brazed in place after the 
variously sized holes are drilled to provide 
passage for liquid propellants. 


OXIDIZER 


INJECTOR 


Cutaway of first stage rocket motor 
shows how helix provides passage for 
kerosene fuel to cool combustion liner. 
Kerosene and LOX enter combustion 
chamber at top through 1600 individual 
holes in the injector ring. 


10 


First Stage Airframe 

The relationship of load carrying capabil- 
ity to airframe weight dictated the use of new 
materials and new manufacturing techniques. 
Magnesium is used wherever possible to reduce 
structure weight. An interesting facet of this 
materials and fabrication problem lies in the 
technique of building integral fuel and oxidizer 
tanks for the first two stages. These tanks are 
constructed so that tank walls are also the mis- 
sile’s structural skin. 

The tanks are built of an outer skin, in- 
ternal frames, end frames, and domes. 


Materials and Methods of Construction 


6061-T6 aluminum, (Reynolds) is the prin- 
cipal alloy in the 44 ft first stage. At the longi- 
tudinal splices of the skins a spot welded doubler 
is used to structurally join them together. Bent- 
up flanges on the skin are then fusion welded by 
hand. The spot welds are used to provide struc- 
tural integrity, while the fusion welds prin- 
ciple is carried into the end frame where an 
aluminum extrusion provides a welding flange. 

The internal frames and longerons are all 
made of 7075-T6 or 2024T3 aluminum. 

All the spot welding is accomplished be- 
fore any fusion welding is done. A three-part, 
collapsible header framing-tool of fiber glass tub- 
ing and aluminum is used in this operation to lo- 
cate the frames and provide holding contours. 

The domes of the tanks present a different 
problem because the tank is being closed. This 
makes spot welding impossible. Hence fusion 
welding is relied upon for both structural and 
sealing integrity. A scalloped edge dome was 
chosen to provide more inches of welding in a 
given distance. A scalloped doubler is spot welded 
to the dome to compensate for the heat-affected 
zone of fusion welding. 

The spot welded tank and domes are placed 
in the alignment and tack welding fixture where 
accurate alignment of the rocket components is 
begun. This is a simple but accurate holding 
fixture. 

After this operation, the tacked assembly 
is placed in a rotary fusion welding fixture where 
the longitudinal welds, the end frame lateral 
welds, and the dome scalloped edge are hand 
welded. The tank is then subjected to its first 
pressure test by using a very low air pressure 
and soap and water for bubble detection of leaks. 
Primary leaks are repaired by welding at this 
point. 

The tanks are transported by specially de- 
signed trucks to an area where they are hydro- 
statically tested to prove the structure. As the 
tank is drained, and the test water is weighed to 


continued on page 12 
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Propellant tank heads for second stage. Integral 
tanks are checked after drawing operation. 
Tankage is of 410 stainless. 


Completed first stage rocket motor shows 
gimbal mounting. 
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Vanguard details revealed 


continued 


accurately calibrate the tank volume. It is then 
pressurized with helium to give it a gaseous test. 
Then, using filtered water, detergents, and special 
cleaning heads, the tank is surgically cleaned and 
chromastetized to put a final surface finish on 
both the inside and outside of the tank. 

The fuel and liquid oxyen tanks are not the 
only ones thus tested. High pressure testing of 
helium tanks and medium pressure testing of 
hydrogen peroxide and propane tanks are also 
performed. 

The small portions of the first stage air- 
frame that do not constitute tankage, house elec- 
tronic gear, pressuring tanks, turbo pumps, etc. 
These are constructed of magnesium 
selected for its lightness. 


alloy, 


Second Stage Engine 

The transition section and aft skirt that 
tapers to the second stage are made of magnesium- 
thorium sheet. At an altitude of about 35 to 38 


View through fixture which aligns first and second stages 
to 0.095 in., shows attachment points for six explosive 
bolts which separate first and second stages. 
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miles, six explosive bolts containing PETN are 
electrically detonated to release the spent first 
stage. 

The second stage power plant is a liquid- 
propelled, regeneratively-cooled unit, which pro- 
vides about 7700 lb of thrust for about 120 sec. 

The propellants used are: inhibited white 
fuming nitric acid (IWFNA) as the oxidizer, and 
unsymmetrical dimethyldrazine (UDMH) as the 
reducing agent. The propellants are pressure-fed 
to the thrust chamber by pressurized helium. In- 
jection into the combustion chamber is at a nomi- 
nal mixture ratio 2.8 to 1.0. No ignition system 
is necessary since the propellant combination is 
hypergolic. 

The second stage thrust chamber does not 
operate at the high chamber pressure typical of 
the first stage motor. Low chamber pressure re- 
duces the heat rejection rate and may increase the 
gas film heat transfer coefficient. At the same 
time, the liquid film coefficient is reduced, and 
saturation temperature of the white fuming nitric 
acid coolant is lowered to a critical level. 

Since the combustion efficiency and tem- 
perature of the chamber do not drop significantly 
with chamber pressure, the second stage chamber 
must still be resistant to the heat rejection rate 
in the combustion process and have a rather low 
coolant velocity and pressure. 

The thrust chamber is light weight alumi- 
num, constructed of longitudinal tubes preformed 
to the chamber contour. The 5250 aluminum 
tubes are joined by welding and wrapped with a 
square-cross-sectional steel wire to form an in- 
tegral pressure tight assembly. 

This tubular construction permits the cir- 
culation of the nitric acid oxidizer through a 
jacket between the chamber walls. The process 
is similar to the regenerative cooling in the first 
stage where kerosene is circulated as the cooling 
medium. 

The single-gimballed, Aerojet General, 
second stage engine, has a maximum allowable 
dry weight of 380 lb, and a minimum total-im- 
pulse-to-total-weight ratio in vacuum of 238 sec. 
Minimum specific impulse is 271 lb/sec/Ib. 
Second Stage Airframe 

The second stage, which contains the basic 
control systems, is essentially the heart of the 
entire vehicle. The guidance and attitude refer- 
ence systems are located just forward of the 
second stage propellant tanks. 

Time limitations in the Vanguard pro- 
gramming necessitated the use of many off-the- 
shelf items as well as new materials. Stainless 
steel (410) rolled by Ailegheny Ludlum is the 
basic material in the second stage integral tank- 
age. Research Welding and Engineering Co., Inc., 
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* CALCULATING ORBIT VELOCITY 


The “basic 


orbit can be found in any high 


arithmetic” for calculating an 
hool physics book. 
They were fortunately derived before the advent of 
security. 

A satellite travels in a nearly circular orbit 
with the center of the earth near the center of the 


orbit. Any orbiting 


continuously falling 
toward the center of the earth, and with a few ex- 
ceptions, with the same acceleration as a rifle pro- 
jectile or a thrown stone. For an object traveling 
in orbit, the acceleration center of the 
orbit is, velocity squared divided by 
A V r. 


velocity, we may state \ Ar. 


radius, o1 
Since it is our intent to calculate orbital 
acceleration, 
or rate of change of velocity, 32 f sc /sec, O1 


32/5280 miles/sec’. The radius of 2 Ci is ap 


proximately 4000 mi. Subst equatio: 
oo 


32 
we get V’? — x 4000 


oZsv 


1.9 mi/sec 


However, there » too much heat gen- 


erated on the surface to consider an 
orbit near the earth. If we consider a satellite 350 
mi up, using Newton’ iare-law of grav- 
ity there is a loss in acceler: n wh 


32 4000 
culated as - x - 
5280 4550 


creased acceleration factor, orbital speed i 


h may be cal 
Using this de 


about 
1.7 mi/sec at 350 mi al 
$y dividing the ci 


* the orbit by 


Fig. 1—This is a typical earth satellite elliptical orbit 
The focus F of the ellipse is at the center of the earth. The 
speed is greatest at position of perigee and least at posi- 
tion of apogee (exact relations can be determined from 
one of Kepler’s laws which states that the rate of sweep- 
ing out of area by the radius vector is constant—thus the 
areas of the three shaded triangles are the same). The 
eccentricity “e” of this orbit is about twice that presently 
contemplated for any earth satellite, but even so, the orbit 
still is almost circular, the center of the ellipse being at 
“Ge 


There are six elements of an earth-satellite elliptical 
orbit: its semi-major aris “a’’, its eccentricity “‘e’’, the 
right ascension of the ascending node (angle seen from 
the earth’s center between the point in the sky known as 
the vernal equinox and the point where the orbit crosses 


the speed, the time for one revolutior an be estl- the equator going north) Q, the angle of inclination of 
the orbit to the equator “i”, the argument of perigee (an- 
gle between the ascending node and point of perigee) 
T — at F er a F », and the time of perigee passage “T”. The first two 
This over simp! ition must take into ac- define the size and AP at of the ellipse, the second two the 
orientation of the plane of the ellipse, the fifth the orienta- 
tion in the plane, and the last the time. Implicit as a 
seventh element is the requirement that the focus of the 
ellipse be at the earth’s center, thus corresponding to the 
seven data required for specifying an orbit—three position 
components, three velocity components, and time 


mated. This is 5800 s« 


count the fact that or! are actually ellipses, if 
accurate calculation These rela 
1619 by Kep 
tury that Newtor 


orbits are ellipses. 


tionships were worked out ; arly as 
ler, it was later ir 


yvave mathematica! re: 
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VANGUARD PROPULSION DATA 
STAGE | Engine-General Electric Co. 
Thrust: 27,000 Ib (approx) (b) 
Burning Time: 2 min (approx) (d) 
Mounting: Gimbal 
Propellant Feed: Turbo-pump, powered by H2O2 decomposition 
H2O2 decomposition “steam" is exhausted through roll-control nozzles 
Construction: 4130 steel, double-walled, spiral flow, kerosene-cooled 


Propellants: Kerosene (used as coolant) and liquid oxygen 
Ignition: Pyrotechnic squib 


Engine-Aerojet-General Corp. 


Thrust: 7500 to 8000 Ib 

Propellants: White fuming nitric acid and unsymmetrical dimethyl hydrazine 

Burning Time: 2 min (approx) (d) Ignition’ Propellants are hypergolic 

Propellant Feed: From helium-pressurized stainless steel propellant tanks 

Mounting: Ball-and-socket gimbal 

Control during coasting (burnout) period: Small gas nozzles, using remaining helium, exercise pitch, yaw 
and roll control 

) Small solid propellant rockets (Atlantic Research Corp.) fire for one second at end of Stage II flight 

(i) Construction: Aluminum tube-bundle, welded and wrapped with steel wire 


STAGE III Engine (Solid Propellant)-Grand Central Rocket Co., Allegany Ballistics Laboratory 


fa) Thrust: 2800 Ib (b) Burning Time: 20 to 30 sec 

[c) Flight Stability: Achieved by spinning unit at 150 rpm (approx) 

(d) Throat Lining: Carbon (e) Rocket Motor: 410 stainless (0.029 in. approx) 

(f} Iqnition: "Propellant charge" enclosed in restraining tube. |5 sec delay fuse built in to permit spin-up 
separation of unit. Atmospheric pressure maintained by sealing plug in throat 
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Connections and fittings on the top of the first 
stage rocket motor are checked by a Martin 
technician. Constant direct reference is made 
to technical manuals to preclude errors. 


Final adjustments are made on the launching pad 
First stage of Vanguard is shown amid maze 
of fueling lines and gantry structure. 
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Vanguard details revealed 


continued 


combined forces with Aerojet General Corp. to 
fabricate the second stage components. Welding 
is the major fabrication technique. Construction 
is similar to that described earlier in the first 
stage. 


Third Stage 

What is called the third stage is actually 
housed in the second stage airframe. When the 
third stage motor is fired, it parts from the for- 
ward end of the second stage skin and enters the 
final trajectory phase. 

The 61.4-ft nose cone of Pyrotex, style 41- 
RPD (phenolic impregnated asbestos) opens like 
a clam shell and is dropped shortly after the sec- 
ond stage ignites. 

There is no third stage guidance system. 

It would be too heavy. Instead this stage is 

stabilized by spinning about its longitudinal axis 
like a rifle slug at 150 rpm. The satellite must be 
closely dynamically balanced about its spin axis 
to stay in the predetermined launch path. Spin- 
ning is provided by small PET rockets built by 
Atlantic Research Corp. 


The third stage propellant rocket motor 
is fabricated of 410 stainless about 0.029 in. 
thick. 


Testing 

In an effort to decrease delays at the 
launch pad, The Martin Co., has constructed a 
vertical test facility about 20 ft deep, 35 ft wide, 
and 97 ft high at the Baltimore plant. Completed 
stages of the Vanguard are towed into this test 
facility and stacked on top of each other simulat- 
ing the steps to be taken at the launching site. 
The splice and alignment are checked out with 
optical tooling to be certain the final centerline 
of the missile falls within the tight tolerances 
established. The tip of the 72 ft missile must fall 
within 0.250 in. of being perfectly vertical with 
a point at the center of the base. If the optical 
alignment shows there is an error (one of the 
three elements being out of plumb), the mating 
surfaces are reworked. 

Subsequent alignment checking is done at 
the launching site and this is more elaborate. 
Keuffel and Esser Co. is the supplier of two op- 
tical aligners that are used on site. 

All systems which are checked in a simu- 
lated count down at The Martin Co. test facility 
are retested at Cape Canaveral. 
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Aircraft and Missiles Manufacturing ¢ June 1958 
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“ADMIRAL TWO-120" 


Double-bed construction, two beds 


integrally cast in parallel. Currently designed to swing 
up to 120”. Center distance as required. 
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GENERAL. ONE-75" 


= extraawide bed. Swings up to 75". 


A new class of LeBlond lathes is born— 
big swing with relatively light horse- 
power (up to 50 hp). You buy only 
as much power as your jobs require. 


Two new wide bed designs assure that 
cutting force is properly absorbed into 
the bed. In addition, you get famous 
LeBlond rigidity, stamina and conven- 
ience, throughout. Two basic models 
are available, with whatever variations 
your work may require. 


Tracing is available on both ma- 
chines—Hydra-Trace, two-way dupli- 
cating attachment or our new 90° 
tracer. 
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Tell us about your large diameter turn- 
ing jobs. LeBlond engineers are avail- 
able to work with you in adapting 
these basic lathe designs to any turning 
problem you may have. Write us today 
for complete information. 
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| The R. K. LeBlond Machine Tool Company 


Cincinnati 8, Ohio 


World’s Largest Builder of A Complete Line 
of Lathes for More Than 71 Years 


a a MM ee - ‘ oF Pets erk in 
‘aa 2 ie Nes, ee - eae ced aii Rg tga 
;° aE eer eae os ae thc: ae * ae Pees 
Ly Se i eee a a rns ' eer Sere 
dick” Ee <li a ein - til oath 
_ SB aes ee ee 7 See 4 “Tig + Sa ieera 
Pidteee = eet ea nt i ot eae > “ Hees i 
sy Het glee 1 Ce ey eee Se — ee i: * Wes epee! 
= any “pies ae ee? 2 eee i i Bs, ee a “a Pe me name” eT | . 2 Beis 
5 age : pees eee ai ¥ Lt eal ee ey ary ip: > j ete ie 
© ge Se ee ak i . —— 
ae we eee aoe ok aa K.| T 't as 
© Sue eee - AMMencre act Be «ee is se G ; ae 
Sy Sane. ‘cue zt oa pu ah Ree ee oe - = “ae oval - a er Ua. ~~ ay ay a 
e go ee Pee eo. CNet a ee) ae Le > i 
aaa : ae ——— gel » at —. 
aipeoaie a “ee Be way ‘oe bes et ; . a 
ae ee Mi 3 ear Bee _ Oe edad x a {orem Hy ae * eg 
a Sah ey Sere Bit 4 ' a Oy eh “st 4 Pr Oe ave « 
7 st (eens ve Be ae Lenape ek Ce Ss i“ - — By a tees i, # Fgh ; 
RRO hei il eae a i eae a 7 a, Fa i 8 aay Re ——/ Mitieunse ibis j . : 
Sea aie ne BF. Sy. Py Se = = pe 4 F — ee 
PS pmobers.” 8 eet i Se) ee —— SF SS 
© ) vote Pog : . “iS Se ErF a — wena : { E 
UE memes ae OM OT “ | ee i i , at i ee q 
. eee ee ee Se ma S = ‘ a] ie 7 “a = be E 
fe, Si Sees hn a ae } oS ia an ~ i .¢ ) 
it on oe ar ae eel ae Te Se _ as : jul e ae 
m sige. a Bo te - 2 fer — : ; ~<a es “4 1: > Pein 
ARE eS ame ae: es iy ae xe rie : i . k ” mel P RS enn ae 
ey oe ee , ean ee ee 7 —— ie ie ee ie 
Ri ap MS Nl he y on aan : a ae a if Bay 
oe Boece - Ae s —_ i; F a eS: 
| diameters = —, Le im 
ff Jah eae = ta , all . . Rial pn - ace Pa, — aa a y ea 
ree oe ee . Ei” Be 
aS oe ae ; | ar — Bere 6 
ee BT ee uk r na a i Binks a ee ee hg oe ee: y aes 
Missile bodies and other large cylindrical, tubular and fabricated parts... rs 
. 
; 
x We a mk 
: ae 
oh Se 
Rie 
i, Rs 
| is 
NES 
ca q ' e os 
, f ae A 4 a 
tn, ae i =p fe: 
ies 
~ ae 
out L ae 
7 5. ae 
tien ae 
‘. ) ta Lie, 
s Be 
aie 
2 | ae 
as a 
ate es. 
[| See oe, “eS ic 
+ b. a ea 3. 
% oe : L { = Sars 
Press at kere a ae 
“ale —~. oe a a4 i BL iee = me a Ee 
a si F — _ oe 
i. a ee eit: peer ai a , ee 
a a ad fsa +h mi Biri 
if ie Seles : en 4 _ eee A eal 3 . - hs, id wena" 
al ee 5 P ? beese ‘ i Sal ome 
; _ —_ Pte og fee r ‘€ *., : : ee 
“a | - >= oie " a | 
Se = i 4 - — a e oe a, eal 
ah a ; F ie 
ie a a \ i oe ; : : eae 
we OS, ————.t—é=é yO | » 
i ie. 7 ae “a : i 
Mig , aL_uf Be 
i = hie LeF SS “eg 
Say . _ Vi r : 4 : pats 
—_ . * ve * = Pee F - _ | oe =. 
Ra —" : oe Uo ek Sell ‘ aa 
Tonk C & | 0 - ee : ee : ee 
— oo = 
¥ ial : ee 
ae d Be 
eH A , x Bae 
ite uate : q tat = 
Rr es iia is ee eee Cea ae yane * 2; 7 am i A tas , 7 _ gs — ge 
fears 5 ie. ae a lie a a er ke y : ; CSTE GEIR REA oo Ns ea 
Rea i. Me aes oe ee Eee eee y Sheena Brae Perm oe ante 


ein 


at a ae ce nee ou ant nagar 


. ak : 3 PE ee ae ee eee een Pee ie Be ae oe OES ees 
A: eee a ee 8 Cr ee ee RE RNR mL oe 
LE I ST ee ee 
1 
. ' = 
j 
: if 
é ia a 1 
* ¢@ € 
4 
w 
_ ab / 4 
a \ 
Sousa : F i 
- —— ya . 
~ - : ow 
oe \ : 7 
” ae ee 
\ \ \ — , a ee ee ee 
, y lee ’ i\ P \ iat SY dah Sy : 
ae \ |} 4 d 4 4 POTS OE 
— a fC , : 4 : " pig . & 
a9 - . ‘ \ } 4 : A i\ (7 ’ 3 \a? ~ Ae Wid 
4 Z : ‘a : ¥ ~~ > s 
4 . }\ \ ie SD Voaee. ee 
| \ Se . : \ \ ae . j NAA 2a hS 
; 7 . { q es 3] 7 2 . : 
. 7 7 | ae eat} 4 | = per + 4 : 
¥ 4, ’ | & ‘ 4 5 i “As MM. > 
4 : * 1 4 4 ; 
— || — | | | Yara 
¢ a | : f —— ) ee en iver: I 
- | so | ———~ | ae 
: e a ? { 3 7 q ; | i ae 
S 3 Y a : -. wot! et 
>» ° 3 - ee ; P | , i= : tend fi dr) 
™ dy = hae | Fr } | " t See Oe ee 
| et oe w | "(UN Fete scr 
2. ee ? Si i | ' ” ih oe 
lid ; e hes ; | yi a 3 uY + J ‘ 
ee oe een a a ‘ost. 
j “ef ; q : e734 ’ . 4 ; f bem) sim! 
a ba ; “i q : ’ Od eet he 
ee i> Bret | | | a 4 oo =<—o~Ge 
i f 7 af 3 . Se ’ : a ‘ J tt Ww al 
; ; : i ee rR e 
a ! q y y : ; - ; _ 7 a ies, Ta 4 i ae i 
% ; a es - 7 ' ¢ ‘ Bete 1 
. 7 7 : ; j 4 4 sq o@ = es 
e F — — j ase. | eS ee 
~f ; _ = ‘ — - ; ‘ A, : } | Poe! EO ey 
“3 : YS 7 F “4 + a a 
ss ae a a) f ; Se j ae ease aE pe 
: I 3 : ¥ A & Z | j | a 3 
a ae a ; {es _ 
r : a é 
2 5 7 P - a 
4 S oa ‘ A 7 4 } 
- A | , pide 
i : = “f ise i my — | F Vit, _ 
¥s i 7 via . J a A 
ay ——— ’ / q Mains 
AB tt 4 4. i 4 = ; 
\ A — 
+ od ] 3 
Y j ee. 
= 4 g 4 
Soe r 
gt 4 > 4 5 
~ patie me af ; 
ee ee oF a, x 
r. . . i! 
\. &g 
* j 
a Pr ae 
4 ow 
5 ; * 
. — 2 F . . " oe i : ) | 


ae ae 


= eEE—————————— es Se er 


ae 
..a big 
a 


F YD 
_ 
ee 
> 


: 
af 


. . Vi setts 


AIS 
ae 


sr? 
co} 


™~ 


‘ 
fa 


eS Ue en ee 
’ at > a 
: eA 


ieee Ginter at cer 


i 


For missiles or mixers, rockets or razors—whatever your steel requirements 
—depend on Sharon for consistent quality .. . exactly to your specifications. 


Sharon makes a complete line of chrome, chrome-nickel, chrome-manganese 
stainless, spring and high carbon, high tensile, coated, silicon—or any special alloy— 
open hearth or electric furnace, of any surface pattern, including the new rolled-in designs. 


If you haven’t already discovered this outstanding source 
of specialty steels, or the significance of Sharon Quality, make it a point 
to talk with a Sharon salesman at your first opportunity. SHARONSTEEL 


SHARON, PENNSYLVANIA 
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tetrafluoroethylene enjoys wide 


usage in aircraft and 


material properties essential 


missiles, knowledge of Teflon _ igh ana lOW | 


to designing for specific 
applications 


Aircraft and missile parts made of TFE- 
fluorocarbon resins (Teflon) are resistant to at- 
tack from most chemicals and solvents, are me- 
chanically tough, and have good dielectric proper- 
ties. Many of these properties are retained at 
temperatures as low as that of liquid nitrogen 
(—320°F), and at temperatures as high as 
621°F, the crystalline melting point of tetra- 
fluoroethylene (TFE).* 

The performance of TFE resins at both 
high and low temperature has been repeatedly 
demonstrated. 

A few examples are: 


@ Fuel lines for carrying corrosive missile 
fuels. 

@ Flexible hose for fuel lines and hydrau- 
lic lines which withstands the high and 
low operating temperatures of jet air- 
craft. 

@ Landing skis faced with tetrafluoroethy- 

lene resins, used on Air Force polar 
troop carriers. 
Gaskets used with liquid air at —320 
Packings handling nitric acid at 365°F. 
Pump diaphragms rated for service 
from —50° to 300°F. 

e Lead-through bushings which maintain 
a tight seal when cycled repeatedly over 
a temperature range of —85° to 300°F. 


TFE-fluorocarbon resins have given satis- 
factory performance in these demanding uses 
because the applications were designed correctly. 
In recognition of the importance of basic engi- 
neering data to the design and materials engineer 
this article is devoted to a description of the me- 
chancial properties of TFE resins at both high 
and low temperatures. 

* Society of Yeates Satuetey has adopted a standard 
nomenclature for Teflon, tetrafluoroethylene — The com- 


mon name is “TFE-fluorocarbon resins.” The 


: C FE designation 
is used throughout this article for brevity 
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Tensile Properties 

Tetrafluoroethylene remains tough and 
strong at low temperatures. At —370°F., TFE 
yields at about the same yield stress as a metal 
like annealed aluminum. At this temperature, 
the ultimate elongation at the yield point is about 
6 per cent. While this value is substantially lower 
than the elongation at room temperature, it is 
adequate with correct design, for many low-tem- 
perature applications. A comparison of the low- 
temperature properties of resins with those of 
typical light metals is given in Table J. Tetra- 
fluoroethylene is also useful at high temperatures. 
At 480°F., the yield strength is still more than 
25 per cent of the corresponding value at room 
temperature, a strength retention beyond that 
of most organic materials. 


Compressive Strength 


At low temperatures where tetrafluoro- 
ethylene changes from a ductile to a rigid ma- 
terial, the compressive yield stress increases as 
shown in the accompanying charts. 

At room temperature or higher, the plastic 
nature of TFE becomes evident. Compressive 
stress decreases with increasing temperature. 

For plastic materials such as TFE, design 
considerations should be based on the yield stress 
at 1 per cent and 5 per cent strain rather than 
on ultimate tensile strength. For example, at 1 
per cent strain, the yield at 392°F. is 100 lb per 
sq in. rather than the estimated value of 1,400 Ib 
per sq in. at room temperature. 


Flexural Modulus 


The flexural modulus undergoes marked 
changes with temperature, increasing in value as 
the temperature decreases. For example, at 

-320°F., molded or extruded TFE parts, with 60 
per cent crystallinity, have a flexural modulus of 
850,000 lb per sq in. Flexural modulus value at 
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various crystallinity levels, and at temperatures 
from —88°F. to 482°F., are given in Table II. 


Reinforced Compositions 

3oth the stiffness of tetraflucroethylene 
and resistance to deformation under compressive 
stress can be increased (by about 500 per cent 
and 1000 per cent, respectively) by the addition 
of inorganic additives as reinforcing agents. 


Comparison of Low-Temperature Properties of TEFLON TFE-Fluoroc 


Material 


TEFLON 
Resins 


Aluminum 
annealed 
hard drawn 


Copper 
annealed 
cold drawn 


Common inorganic additives are ground glass 
fibers, copper, graphite, and coke flour. 

TFE resins reinforced with asbestos have 
high flexural modulus. Compounds of 65 per cent 
TFE resin and 35 per cent asbestos (by volume) 
usually produced a maximum flexural modulus 
and compressive strength. 


continued on neat page 


arbon Resin With Those of Typical Light Metals 


Ultimate 
Tensile 
Strength, Ultimate 


ib sq in. Elongation. % Reference 


46,80 
14, 0( 
11,001 


one 


* Yield stress at 0.1 percent offset. Values increase as the metal is cold drawn to specified tensile strength. 


The above values are intended to provide an approximate comparison and may involve different interpretations of yield strengths 


see 


ASTM Bulletin, May 1952). More exact comparison will require concurrent testing of TEFLON resins and light metal test pieces at equivalent 


dimensions and testing rates. 


Table II. 


Effects of Temperature and Crystallinity on Flexural Modulus of Elasticity ASTM D790) of 


TEFLON TFE-Fluorocarbon Resins 


Flexural Modulus of Elasticity, Ib/sq/in. 


—88°F 73°F 
210,000 
240,000 
270,000 
310,000 
340,000 
370,000 
400 ,000 


Crystallinity, % 
45,000 
67,000 
88,000 

110,000 

132,000 

154,000 

176,000 
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212°F 


26,000 
33,000 
41,000 
49 ,000 
57,000 
64,000 
72,000 


302°F 


7,000 
12,000 
17,000 
23,000 
28,000 
33,000 
38,000 


392°F 
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Impact Strength 

The impact-resistance of molded parts at 
sub-zero temperatures is good. 

Some typical Izod impact strength values 
(ASTM D256-47T) follow: 


Temperature, °F. Impact Strength, ft lb /in. 


—70 2.0 
73 3.0 
170 6.0 


Thermal Expansion 

Like most organic materials, TFE expands, 
to a greater degree on heating than metals. 

Molded TFE parts contract 2 per cent 
when cooled from room temperature to —325°F. 
An expansion of 4 per cent takes place when the 
parts are heated from room temperature to 
480°F. 

The use of reinforcing agents tends to re- 
duce the coefficient of linear thermal expansion. 
For example, a TFE-fluorocarbon resin reinforced 
with about 25 per cent graphite additive (by vol- 
ume), will have a coefficient of expansion about 
half that of an unmodified TFE resin. Other addi- 
tives can reduce the coefficient of expansion even 
further. 


Effects of Fabrication 

The most significant variables affecting 
the properties of a part molded or extruded from 
TFE resin are crystallinity and void content. 
These factors can be readily controlled by com- 
petent molders and extruders. 

Two variables control crystallinity. The 
major factor is the molecular weight of the par- 
ticular TFE resin. 

The other variable is the rate at which a 
sintered piece is cooled from 620°F. to 575°F. 


Table Ill. Effect of Cooling Rate on Crystallinity of Molded or 
Extruded TEFLON TFE-Flurocarbon Resins 


Cooling Rate, YJ Crystallinity 


°F./hour TEFLON 1, 5, 7X TEFLON 6, 30 
Quenched in ice water 44 50 
540 54 65 
108 56 72 
54 58 74 
10.8 62 78 
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The effect of cooling rate on crystallinity is shown 
in Table III. 

In thin sections (less than 1% in.), the 
entire piece can be cooled rapidly to obtain a 
low crystallinity. In the case of thicker sections, 
the inner material is insulated by the outer skin 
and cannot be cooled rapidly. 

An indication of the cooling rates that can 
be obtained practically is given here: 

Typical 


Method of 
Fabrication 


Practical Cooling Crystallinity 


Rate Range Range 

Molding Quenching to 45°F. /hr 49 to 57 per cent 
Ram Extrusion Quenching to 45°F./hr 50 to 57 per cent 
» pe 


Paste Extrusions*® Ot r cent 


* Thin insulation is applied to wire by this process, and is 
always quenched 


In most applications, a low crystallinity 
is desirable. Flexural modulus and impermeability 
are the only properties that are improved ap- 
preciably with an increased crystallinity. Flex 
fatigue life, tensile strength, impact strength, and 
elongation at yield are improved markedly with 
a low crystallinity. 

The presence of voids or microscopic flaws 
also affect the yield strength and elongation. They 
are especially harmful at low temperatures. 

Shapes made by the paste extrusion proc- 
ess show varying degrees of differences in longi- 
tudinal direction that it is in the transverse direc- 
tion. The difference may be as high as 20 per 
cent with the strength in the transverse direction 
being less. 
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Elongation of TFE-fluorocarbon resins at yield stress 
vs. temperature for various crystallinity levels. 
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Practical Implications 


As has been shown, molded TFE-fluoro- 
carbon resins will maintain a useful degree of 
flexibility at very low temperatures. In design- 
ing an article to be used at a given temperature, 
the designer should take into account the elonga- 
tion at yield point at this temperature, and should 
not exceed this in service or installation. 

Consider the case of a piece of tubing with 
one end fixed and the other end attached to a 
cycling or vibrating piece of equipment operating 
at low temperatures. 
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ME 


Permissible Displacement of Tubing 


Length of Tubing, feet Maximum Displacement, in. 


at at at 

320°F. 112°F 40°F. 
0.5 1 1% 3, 
1.0 2\, 314 614 
2.0 414 61, 13 
4.0 g 1214 26 


in the table above. Beyond the indicated displace- 
ment, permanent set may result. 

The table is derived from simple calcula- 
tions and is based on a safety factor of 2!4. These 
figures indicate that in the range between —!/4°F. 


The maximum permissible displacement and —40°F. the permissible displacement in- 
of small-sized tubing for lengths ranging from creases significantly. 
6 in. to 4 ft at various temperatures are shown © 
Table IV. Effects of Crystallinity and Temperature on Yield Strength of TEFLON TFE-Fluorocarbon Resins 
ASTM D638-52T 
Yield Strength, Ib/sq/in. 
Crystallinity, % —321°F -112°F -40°F 73°F 212°F 302°F 392°F 482°F 
50 16,300 5,500 3,800 1,900 1,200 950 760 700 
55 13,500 4,600 3,200 1,800 1,140 860 710 600 
60 11,000 4,200 2,800 1,600 1,080 800 670 520 
65 9,200 3,600 2,400 1,400 1,040 750 610 480 
70 7,800 3,500 2,300 1,300 980 700 550 440 
75 6,000 2,900 2,100 1,200 920 650 490 390 
80 4,400 2,800 1,600 1,000 830 560 430 340 
(1) CaF, + HzSOg > _ Ha Fn + CaSO, (3) CHCIF, eee CF, C+ 2HCL 
FLUORSPAR) (HYDROGEN FLUORIDE) . aciiliieia idan dieiaaiaiiliiiad 
H3—&+ CHz,CL———> CHCIF,+ 2HCL — 
(2) (CHLOROFORM) (CHLORODIFLUOROMETHANE ) ae re FOF 
I | | 
(4) " C=C -C-C-C-C-C- 
TEFLON | 1 ae. 
WHAT S ri Seeeeey 
Teflon is a member of the fluorocarbon family. — TEFLON 


While classed as a thermoplastic resin, it does not melt 
and flow as do conventional materials in this class. It 
has a crystalline structure at normal temperature, but 
when heated above 620°F, changes to amorphous gel. 

In the gel phase Teflon will not flow, and only 
limited deformation can be achieved without fracturing 
the gel. Processing techniques consist of a cold-forming 
operation followed by baking or sintering at 650 to 720°F, 
where coalesence takes place and the particles are 
“welded” into a single mass. 

Teflon is manufactured by reacting calcium fluoride 
(Fluorspar) and sulfuric acid to give hydrogen fluoride. 
This in turn is reacted with chloroform to give chlorodi- 
fluoromethane, which is converted by pyrolysis to gaseous 
tetrafluoroethylene monomer. Polymerization of the mon- 
omer is effected at high temperatures and pressures. 


The polymer is a long straight chain of atoms 
packed together closely. This structure and the strong 


chemical bond between the carbon and fluorine in the mol- 
ecule give the good resistance to heat and chemicals. 
TFE-fluorocarbon resin is produced in the basic 
forms of powder and aqueous dispersion. Powders are 
used in molding and extrusion processes, the aqueous dis- 
persion is used in coating, filmeasting, and impregnating. 
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Because of the extreme degree of chemical inertness 
shown by TFE there is no adhesive which will bond two 
pieces of Teflon to give mechanical properties in any way 
approaching the base material. Teflon can be bonded to 
other organic materials. 


The various grades of compounds available are: 

Teflon 1—General purpose granular molding pow- 
der. 

Teflon 5—Molding powder, specially granulated 
for molding cylinders for shaved tape. 

Teflon 6—Fine powder for use in extrusion of 
insulation and thin-wall tubular goods. 

Teflon-7X—Special purpose ultra-fine molding pow- 
der for use in molding shapes and cylinders for 
shaved tape. 

Teflon 30—Aqueous dispersion containing 60 
cent solids by weight. 

Teflon 41X—Aqueous dispersion containing 33-35.5 
per cent solids by weight. 

Teflon 100X—Extrusion powder, experimental, can 
be melt processed. 


wire 


per 
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blades produced 
automatica 


» oGitinuous-prosegsm 
machine at Marman 
converts roll stock into 
finished blades at 
high rate 


A fully -automatic machine producing 
stator blades is now in operation at Marman Div., 
Aeroquip Corp., Los Angeles. This machine pro- 
duces blades at the highest rate yet envisioned 
by aircraft gas turbine planners. 

Current production involves blades using 
3ritish-produced Nimonic 75 alloy, but the ma- 
chine is capable of producing blades from vir- 
tually any metal, including titanium. It is not 
restricted as to blade contour or dimension; its 
automatic electronic inspection system can be 
used to control blade tolerances upon demand. 

Roll stock is fed into the input end of the 
machine, which is arranged as a single, con- 
tinuous process line. The stock passes through a 
series of radial forming rolls which progressively 
produce the finished contour of the blade. The 
strip then moves into a series of vertical rolls 
which successively close the strip into the final 
blade contour. 

The strip then moves into the specially- 
designed Sciaky welding machine, which produces 
a continuous and homogenous resistance weld 
between the closing edges of the blading. This 


Aircraft and Missiles Manufacturing ¢ June 1958 


continuity overcomes the reputed intermittent 
character of conventional “seamless” welding, 
which is effected at a cycling rate. The new sys- 
tem is an exclusive Marman development. 

After welding, the formed blade passes 
through a belt-grinding stage, followed by stages 
of roughing, finishing and polishing operations. 
The trailing edge is then milled, and the blade 
passes through an electronic gaging system, 
which provides continuous, accurate inspection 
of the blade overall contour within +0.0001 in., 
through a series of 16 feelers. These feelers act 
as pickups for comparison networks within the 
control system. The appearance of any inaccuracy 
flashes on a warning light, which alerts the lone 
operator of the machine to the precise location 
of the fault. He then adjusts the portion of the 
machine producing the error and the operation 
is resumed. 

The strip is cut into individual blades by 
an Anocut machine, whereby the material being 
removed is stripped away by electrolytic action. 
The part and cutting head are immersed in an 


continued on next page 
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turbine blades 


continued 


electrolytic bath; the part acts as the anode, and 
the cutting head as the cathode. The part is thus 
severed through decomposition of the material 
rather than conventional contact between cutter 
and work. 

The Marman automatic blade machine 
utilizes a feed rate of 12-18 in./min, and produces 
complete blades at a rate of 150-250/hr, depend- 
ing upon blade size. 

Conventionally welded blades suffer from 
the inherent contrast between the material of 
the wrought blade and that of the case weld. 
This tends to produce a difference in resonance 
between the two, hence fatigue failure. The homo- 
genous welding method produces a completely 
wrought unit without discrepancy in stress char- 
acteristics between blade and weld. Elimination 


Design features of stator blades are controlled 
through station-by-station tolerances. 


of dies, hand finishing, and individual handling 
promises savings to aircraft gas turbine manu- 
facturers and users upwards of 75 per cent of 
total blading costs projected throughout the life 
of the engine. 

The versatility of the new machine is also 
illustrated by its capacity to produce the elec- 
trodes used for cutting the matching stator blade 
cavities in the stator housing. Insertion of the 
stator blade into the ring requires a high-preci- 
sion fit, which is insured by using identical blade 
coordinates for the process. Cavities are cut into 
the ring by the Elox process, which performs an 
internal stripping or de-plating operation through 
rapid electrolytic action. 


® 
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Marman-developed continuous-process machine ; 
performs severing, bending, welding, and inspection 
operations in rapid succession. 


close-up 


of finished 
turbine stator blade 
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Laboratory technician inspects a sheet of ‘Viton’ 
synthetic rubber. As shipped to fabricators, Vitron is a 
translucent, light-colored gum. 


Viton synthetic rubber has found applications in the 
aircraft industry where resistance to oils, fuels, and 
solvents at high temperatures is required. This 
molded-in-place gasket manufactured by Parker Seal 
Company, a division of Parker Hannifin, Inc., is designed 
for 200 psi service with JP4 and JP5 at operating 
temperatures ranging from —60 F to 350°F. 
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fluoroelastomer 


new material for designers 
arsenal extends uses of 
elastomers above 400°F; 
compression set, and 
resistance to solvents good 


Properties 


Tensile treneth iffected only very 
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Material 
Viton A 
Zinc Oxide 
Dibasic Lead Phosphite 
Magnesium Oxide 
Carbon Black 
HMDA-Carbamate 


y y nr 
ficial pur} 


composition: 


Parts by Weight 


Formulation 1 


Formulation 2 
100 
15 
25 
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A PRIME WEAPONS SYSTEM CONTRACTOR SAYS: 


“Three per cent of all plate nuts must be replaced, ventional plate nut, When we switched to Nutt-Shel's 
due to installatian damage. Cost records show that new replaceable nut line, it took one man only 5 
it takes two men 10 minutes each to replace a con- seconds for replacement.” 
j 
: 
This new Nutt-Shel line effects even greater time and cost savings during subsequent servicing and maintenance 
j of any weapons system. 
: 
{ 
j 


| 
Fre ray . | 
> SELU NDS 

= yp Pe: ag Be | 15 

i eeeeeeee—“CtiSCSCSCSCSCSCSCSCsS 

ee ° 25 

| 2 
| y~ es Boo sue 7 
m NUTT-SHEL’S (~ IME | 
a : * PMVME | 
iene ee 


rt 
3 
; 
a 


. / 
Insert removal tool, with 
downward pressure, be- 
tween nut and shell, as 
shown. Lean tool against 


nut barrel to insure en- 
gagement. 


ing motion. 


a 
crn 


Install new nut by insert- 
ing one lug in shell and 
striking opposite lug with 
screwdriver. This lug 
snaps into place. 
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MAKE THIS SIMPLE TEST YOURSELF 


If you haven't tested the TIMESAVER nut, write today for demonstration plate and 
if Convince yourself how fast and easy it is to replace a Nutt-Shel TIMESAVER 


too 
nut. Write today on your letterhead. 
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Maintain downward pres- 
sure. Nut will snap out 
easily with a simple pry- 
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Low Cost No more than the nuts you 
are now using. 


Light Weight As light or lighter than 
anything available. 

Accepted Meets latest military re- 
quirements. 


Available Available in all popular 
thread sizes, we ship from 
stock. 


Only One Inexpensive Removal 
Tool Is Needed 


Only one inexpensive removal tool, (in 
two sizes) is needed, to handle the five 
most used thread sizes in the nine styles 
of self-locking nuts in the TIMESAVER 
line. This procedure may be repeated as 
often as necessary without impairing per- 
formance. The same nut element is used, 
and may be replaced, in all standard 
styles. Even the spacer nuts are inter- 
changeable. This is not only a convenience 
for you; it means a reduction in your 
stock problems. 
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reliability... keynote of 
Redstone engine 


double-wall, regeneratively-cooled thrust chamber 
and improved fuel-injector plate 
pioneered by Rocketdyne 


by Robert McLarren 
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Static test of Redstone engine at Rocketdyne’s 
Propulsion Field Laboratory near Los Angeles. 
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cooling. 


Welding of outside wall on thrust chamber. Circulation 
of fuel between inner and outer walls serves to 
cool walls of thrust chamber 


PREETI OCS eee cee tain tr ee ht 


Mle ate 


Aluminum tube being welded will become the outer wall 
of a heat exchanger used on the Redstone engine. 
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reliability 


continued 


Hydogen-peroxide |i: (ton) passes liquid 
through catalyst bed mall cylinder, upper 
right) to generate steam for driving the 
pump unit 


by the passage of hydrogen-peroxide through a 
silver screen; the silver acting as catalyst for the 
decomposition. After passing through the tur- 
bine wheel, the steam is carried by a duct to a 
thrust nozzle, thereby providing additional thrust 
for the missile. 

The liquid oxygen is pumped directly into 
the injector of the engine. But, the alcohol is 
pumped into a circumferential manifold at the 
exit of the thrust chamber, and then back up 
through the double-wall passages to the inlet 
manifold, where it enters the fuel injector. This 
regenerative system enables the fuel to cool the 
thrust chamber. 


Thrust Chamber 


The double-wall thrust chamber is made 
up of a constant-diameter combustion section and 
a Venturi-shaped nozzle section. The combustion 
end is fabricated from 4130 steel plate, formed 
on a power brake into a tube, and welded along a 
vertical seam and along circumferential seams. 
The nozzle region of the chamber is welded from 
4130 steel plates stretch-formed to the required 
double-curvature contour. 
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The double walls are separated by spacer 
rings machined from rough billet forgings. The 
fuel passes through hundreds of drilled holes in 
these rings under high pressure. The fuel-flow 
path provides free circulation throughout the 
area between the walls. Welding is accomplished 
by the “Union melt” submerged-are process in 
which a sleeve around the torch furnishes a 
powder which inerts the atmosphere in the imme- 
diate vicinity of the flame. All welding is done 
by hand, and every inch of welding throughout the 
chamber is X-ray inspected. All welds both inte- 
rior and exterior, are smoothed flush by hand 
grinders. 

The outer wall of the chamber is fabri- 
cated similarly, with the separate 4130 formed- 
plates welded into place. The circumferential, 
welded joints in the outer wall are strengthened 
by hat-section stiffener rings welded into tension 
hoops. The completed thrust chamber is then 
turned on a lathe to specified diameters to insure 
symmetry and balance. 


Turbine Pump 
The heart of the Rocketdyne engine is the 
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turbine-pump unit, in which a single-stage, steam- 
driven turbine actuates a turbine fuel pump and 
a turbine oxydizer pump; all on a common shaft, 
assembled into a single component. The hydro- 
yven-peroxide is released through a silver screen, 
which decomposes the peroxide into steam. The 
steam passes through a steel harness-manifold 
through the nozzles, and expands through the 
turbine wheel. The steam continues its expansion 
through an aluminum-alloy cast volute, which 
collects it into the exhaust manifold. It passes 
through a heat exchanger before being exhausted, 
thus furnishing a heat source for the engine’s 
pressurization system. 

The liquid oxygen turbine-pump, driven 
on the power-turbine shaft, passes the liquid at 

297 F into the center of the pump, and out- 
ward through the curved passages into the taurus. 
The taurus carries it directly into the injector 
plate of the engine at high pressure. 

The turbine fuel-pump, aided by the pres- 
sure within the fuel tank pumps the alcohol into 
dual manifolds, one on either side of the combus- 
tion chamber, down to the exit manifold, and back 
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Thrust chamber and turbine assembly mounted on dolly. 


up through the chamber formed by the double 
walls of the nozzle. Pumping pressure passes it 
upwards through these walls to the inlet end man- 
ifold, which carries it into the injector. 


Injector System 

Major Rocketdyne innovation on the basic 
\-2 design is in the method of injecting and mix- 
ing the fuel and oxidizer. The German version 
used 11 individual nozzles mounted in a hemi- 
sphere combustion-chamber, giving comparatively 
crude mixing at best. Rocketdyne engineers de- 
veloped an injector plate continuing more than 
2000 drilled holes, less than 0.125 in. diam and 
pitched at a variety of angles. These holes are 
held to a tolerance of +0.001 in., and an angular 
tolerance of +15 min of arc. These accuracies 
are essential for the atomization of thousands 
of alcohol and oxygen streams impinging at the 
desired pint in the combustion chamber. 

Ignition at the center of the injector is by 
electric spark, but the engine sustains combus- 
tion until its propellant supply is shut off. The 


continued on next page 
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continued 


combustion chamber attains a temperature of 
5,000° F which is reduced through the regenera- 
tive cooling system to only 2,000° F at the exit 
cone. 


Test Program 

Each engine is tested statically prior to 
delivery. The thrust-nozzle and turbine-pump 
unit are assembled to a welded 4130 steel tubing; 
thrust mount and test instrumentation are fitted 
at the plant. The engine is then moved to a static- 
test stand. LOX and alcohol are contained in per- 
manent “battleship” tanks atop the test stand in 
simulation of the Redstone missile. 

The engine is given a test firing of several 
seconds. If adjustments or part replacement are 
required the engine is run a second and if fur- 
ther adjustments are made, a third time. The 
engine is then returned to the plant and disas- 
sembled. Turbine parts are closely inspected, 
and repairs or replacements made on any details 
suspected of malfunctioning during the firing 
test. In the event the maximum permissible test- 
time was exceeded during the initial firings, the 
engine is returned to the test facility for another 
firing. 


After final factory approval, the complete 
engine is sealed in a steel container and trucked 
to the Army Ballistic Missile Agency, Huntsville, 
Ala., where it is unpacked and mounted on the 
Army static test-stand. After acceptance firing 
is complete, the engine is dried out thoroughly, 
sealed back in its container, and trucked to the 
Chrysler Missile Division plant, 30 mi. northeast 
of Detroit. It is then installed in the Redstone 
missile, and the complete missile is transported 
by Air Force Douglas C-124 cargo plane to the 
Cape Canaveral Missile Test Area. 

For the special satellite launching pro- 
gram, the engine uses Hydne liquid fuel, a special 
hydrazine-based fuel developed by Rocketdyne 


engineers. Used interchangeably with alcohol, 
the new fuel requires no change in engine hard- 
ware or missile tankage. The high-energy fuel, 
however, provides the Jupiter-C satellite launch- 
ing vehicle (A & MM, March, 1958) with a 
substantial increase in total burning time and 
burnout velocity. 
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removable cores of stainless braid 
permit design flexibility 
and cut production costs 


Lower cost and higher quality magnesium 
castings are possible with a new process that 
eliminates drill-jig operations in making intricate 
internal passages. 

The process, developed by Howard Foundry 
Co., Chicago, uses removable meta! cores covered 
by a stainless-steel tubular braid, especially de- 
signed and manufactured for Howard by Na- 
tional-Standard Co., Niles, Mich. In addition to 
lowering manufacturing costs, the new coring 
method allows designers to fit curving cores to 
irregular contours. 

In attempting to devise improved casting 
methods for such complicated magnesium com- 
ponents as aircraft fuel control blocks, the follow- 
ing problems were to be considered. 

Venting of gas, formed when hot metal 
touches an organically bonded core of sand or 
other refractory materials, is a difficult process 
in small diameter cores. Gas trapped in the cool- 
ing metal, if not allowed to escape through the 
core, tends to bubble through the metal, and 
causes blows. In instances where the ratio of 
core length to core diameter is large, the core 
must be particularly permeable to gas flow, to 
prevent this occurrence. 


Small Cores Are Delicate 

But, even where permeability is not a fac- 
tor long cores of small diameter are extremely 
delicate. It is difficult to manufacture a stable 
distortion-resistant core. 

Rigid stainless-steel tubing, though used 
for many years as a permanent core in magne- 
sium alloy castings, has serious drawbacks: Elec- 
trochemical damage results if the liquid flowing 
in the passage acts as an electrolyte. Remelting 
of scrapped castings is complicated because nickel 
and chromium in the steel may dissolve in the 
liquid magnesium enough to exceed specification 
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limits. In addition, during the cooling phase it is 
difficult to retain rigid stainless tubing in its 
required position within the mold, since it is 
highly susceptible to displacement through blows. 

The approach to the problem, devised by 
R. F. Dalton, manager of the company’s research 
and development division, centered upon the use 
of pliable metallic tubing that could be bent to 
shape easily, and could be dissolved by acid after 
the casting was made. At first copper tubing 
seemed ideal because of its availability in a wide 
range of diameters and tempers, and its solubik 
ity in acid. 


Glass Fiber Gives Protection 

However, copper also dissolves in molten 
aluminum and magnesium. In casting aluminum, 
it was discovered that a glass fiber sleeve insu- 
lated the copper from molten metal, and provided 
an excellent core material surface against which 
the molten metal would lay. 

After the copper was completely dissolved, 
and the cavity flushed with water, the glass fiber 
covering was easily pulled from the casting. Vis- 
ual examination of the sleeve provided positive 
proof of tube removal and hole cleanliness. 

A further refinement was required to adapt 
the process to casting magnesium. A 50-50 mix- 
ture of 70 per cent nitric acid, and 70 per cent 
hydrofluoric acid was required to prevent etching 
of the magnesium alloy casting by the nitric acid 
seeping through the glass fiber. The nitric acid 
dissolved the copper, and the hydrofluoric acid 
passivated the magnesium. 

Hydrofluoric acid, however, also partially 
dissolved the glass fiber sheath around the cop- 
per core tube, and the dissolved fiber tended to 
plug the cored hole, and to slow the flow of acid. 


continued on next page 
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Custom Braid Is Answer 

At this stage, the merits of stainless-steel] 
tubular braid were considered, and to this end 
national-Standard engineers were consulted. They 
pointed out that standard braids were too coarse 
for his application, and manufactured several 
special, experimental samples. Upon successful 
casting tests six sizes were adopted for cores !4 
to *, in. diameter; sand cores are practical for 
larger diameters. 

Each of these braids is made of 0.0036-in. 
diameter, Type 304 stainless; small wire diameter 
contributes to flexibility. Five or seven wires per 
carrier (groups of parallel wires braided with 
other carriers), and 24 or 48 carriers are used, 
depending upon the diameter. 


Pine model core-mockup of an aluminum- 
alloy sand casting features complex 
coring passages needed for venting. 


14-in. diam tube-bending fixture is shown with 
samples of sheated tubing. Cork-shaped objects 
in upper right are steel core prints used to 
locate holes accurately in castings. 
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Offers Greater Design Freedom 

The custom braid is porous enough to per- 
mit passage of any gas that might form in pour- 
ing, tight enough to block passage of molten 
metal, and so flexible that a *%,-in. diameter core 
sheath can be pulled through a !4-in. diameter 
hole if desired. 

Applications of this patented process are 
already being utilized in the production of various 
aircraft components. The method permits greater 
freedom in designing complex passages for oil, 
fuel, coolant and hydraulic fluids. Integrally- 
cast lines can be branched-off in many directions, 
and made to assume almost any desired shape. 

Besides reducing the weight of castings 
using permanent, cast-in, stainless-steel tubing, 
integral tube coring makes it possible to provide 
intricately-shaped conduits for unrelated distri- 
bution of fluids, and eliminates the need for ex- 
ternally hung lines. 


1) 


A REPRINT 
of this article can be obtained by writing on 
company letterhead to 
The Art and Editorial Production Manager 
AIRCRAFT and MISSILES MANUFACTURING 
Chestnut & 56th Sts., Philadelphia 39, Pa. 


1/8-in. diam, 7 x 24 x 0.0036 type 304 stainless 
braid used for coring. 
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“thermos bottle desigh,”’ new welding 
technique used making IRBM 
ground equipment strong yet 
transportable by, air 
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Outer shell of ‘‘thermos bottle’ liquid oxygen transfer tanks 
used as ground support equipment for Thor IRBM is fabri- 
cated of aluminum. 

Welding process to insure a high vacuum seal was developed 
by Cambridge Corp., tank manufacturer. Extruded ribs give 
support to O.D. welds. 
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coasts but still must be transportable by air. 


Thor 


Worker grinds 
weldments in 
applying finishing 
touches to 
outer-shell dome 
section. 


Tack welds are made on the inside of the aluminum shell 
before automatic circumferential welding on the O.D. 
Tanks are manufactured on both the East and West 


First completed tank ready for shipment 
is examined by officials of organizations 
involved in production. 


Aircraft and Missiles Manufacturing ¢ June 1958 


See 


Written into the specifications for the con- 
struction of fuel storage and transfer tanks for 
one of the first ballistics missiles scheduled to 
“go operational” was a requirement which made 
the existence of world-wide Thor launching sites 
dependent on existing aircraft design. The words 
were—“must be transportable by air.” 

The liquid oxygen (LOX) storage and 
transfer tanks for Thor, manufactured in Lowell, 
Mass., and Los Angeles, Calif., are composed of an 
inner stainless steel liner and an outer shell of 
aluminum. The area between the components is 
evacuated, making the tank similar to a huge, 
thermos bottle in design. 

The major design and fabrication problem 
was to make the huge tanks (50 ft x 8 ft) strong 
enough to hold 13,500 gal of LOX at —297.4°F, 
yet light enough to transport by air. 

This was accomplished by constructing the 
outer liner of aluminum, thus reducing the empty 
weight of the tank to 32,000 lb. In fabricating the 
outer tank extruded aluminum ribs were shaped 
to form a socket for the outer shell sections. This 
permitted all welded seams to have 100 percent 
mechanical support under them. This fabrication 
technique has never been used in this way before. 
All weldments were required to remain helium 
leak-proof under vacuum conditions. 

LOX stored in the inner tank must be main- 
tained at 99.9 percent purity, this demanded new 
stainless steel cleaning techniques for the weld- 
ments. 
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TRENDS IN— 


high temperature metals 


high melting-point metals plagued by 


low ductility and poor oxidation resistance, 
use of cermets and other composite materials 
to be extended, engine metals modified for 


by Julius J. Harwood, chief metallurgy brar 


This is the second part of a two-part article in 
which the author has examined the state of development 
and possible applications of the new, as well as, the tried 
and tested metals. 

Part one, which was published in May, discussed 


the metals usually associated with airframe construction. 

In Part two, metals and composite materials used 
for reentry, gas-turbine, and rocket applications are ex- 
amined. 


The choice of materials which can satisfy 
reentry requirements is limited; much attention 
is now being given to thermal-protection systems. 
3v this is meant the cooling of the load-carrying 
structure to relatively low temperatures by use 
of various systems which prevent the heat flux 
from penetrating to the primary structure. Such 
schemes include ablation and sublimation coat- 
ings, transpiration, film or liquid-metal cooling, 
heat sinks and insulating outer coatings. With 
the development of high strength-to-weight ratio 
materials, thermal-protection systems offer most 
attractive potentialities, particularly for severe 
reentry conditions. Such systems are also applic- 
able to the difficult materials problems associated 
with vehicles subjected to high steady-state 
heating. 


Composite Materials 

Thermal-protection systems emphasize the 
recognition that for many applications no single 
material could exhibit all of the desired character- 
istics. Therefore, composite materials and struc- 
tures embodying the desirable characteristics of 
several materials are used to cope with operational 
environments. The current use of reinforced plas- 
tics, honeycomb and sandwich construction typify 
this approach. 

Various approaches, ranging from pure 
metals containing finely-dispersed oxide particles, 
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structural uses 


to ceramics containing metal fibers, are being in- 
vestigated for the development of composite mate- 
rials with superior high-temperature properties. 

A promising composite material under de- 
velopment is one of aluminum-coated glass fibers 
in an aluminum alloy matrix. The glass content 
varies from 20 to 60 per cent, depending upon 
properties desired. Although the room-tempera- 
ture tensile strength of this material is still low, 
it has very nearly-constant temperature strength 
up to 900°F. Its ductility however is still quite 
low. 


Materials for Use Above 1500 F 

Until recently the need for materials with 
strength capabilities above 1500 F arose primarily 
from the requirements of gas turbines, ram-jets 
and rocket motors. However, anticipated skin- 
temperature greater than 1000 F, the develop- 
ment of nuclear powerplants, and the sheet re- 
quirements for ballistic missiles and other advanced 
weapons systems make it likely that materials 
normally associated with gas turbine develop- 
ments will receive consideration also for these 
new airframe applications. 

In the past, much of the effort directed to 
the development of high-temperature materials 
was intended for the turbine stage of jet engines; 
the military benefits to be achieved from increas- 
ing turbine operating temperatures to 2000°F 
were highly significant. 

Unlike most missile applications, long-time 
high-temperature properties (hundreds of hours) 
are a major criterion in aircraft gas turbines. 
The creep-strength, fatigue-strength, thermal- 
shock and oxidation requirements for turbine- 
blade materials make this a difficult type of appli- 
cation. 

Operating temperatures of current aircraft 
gas-turbines may run up to about 1650°F. The 
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chemical compositions of representative turbine- 
blade materials are shown in Table 8. They fall, 
generally, into three groupings ; cobalt-base alloys 
nickel-base alloys, and nickel-chrome-cobalt alloys. 

Improvements in nickel-base alloys have 
permitted an increase in turbine-inlet temperature 
to 1650°F with strong possibilities of going to 
1700 to 1750°F. These nickel-base alloys derive 
their high-temperature strength properties from 
the age-hardening reactions involving aluminum 
and titanium. The use of vacuum-melting tech- 
niques has enabled in large part the development 
of these superior nickel-base alloys. Vacuum melt- 
ing is said to result in: better forgeability and 
greater recovery of sound material; superior fa- 
tigue-limit-to-tensile-strength ratio; greater duc- 
tility; greater high-temperature strength proper- 
ties; greater resistance to intergranular penetra- 
tion; and better overall combination of properties. 

Typical example of nickel-base alloys in- 
clude Inco 700, Waspalloy, M252, and GMR 235. 

Similar developments in cobalt-base alloys 
are in progress. However, it appears that the 
temperature limitations for highly-stressed, long- 
service applications of these super alloys are being 
rapidly approached. Some typical creep-rupture 
properties of representative alloys are shown in 
Fig. 10. 

Nickel-base alloys have been used in sheet 
form for afterburner combustion-chambers, in 
ram-jet engines, and in related components ex- 
posed to combustion gases. Thus technical know- 
how concerning sheet fabrication and forming. 
and sheet-metal structures of these alloys is avail 
able. While progress has been made, it is quite 
obvious that new alloy systems will need to be em- 
ployed for operating temperatures above 2000 F. 


Refractory Metals 

One group of metals which has attracted 
considerable attention for high-temperature appli- 
cations in gas turbines, ram-jets and missiles is 


Table V. Refractory Metals. 


Refractory Metals 


Melting Modulus of 

Point Density Elasticity 

("F) (g/cc (psi 
Tungsten 6170 19.3 50 x 10° 
Rhenium 5740 20.0 42 x 10° 
Tantalum 5425 16.6 27 x 10° 
Osmium 4900 22.5 80 x 10° 
Molybdenum . 4760 10.2 45 x 10° 
Iridium 4450 22.5 75 x 10° 
Columbium 4380 8.57 13 x 10° 
Chromium 3430 7.19 36 x 10° 
Zirconium. . 3380 6.5 14 x 10° 
Titanium 3140 4.5 15 x 10° 
Vanadium . 3125 6.11 21-22.5 x 108 
Hafnium 1.4 20 x 10° 
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the refractory family—so called because of the 
high melting points typical of the group. These 
metals and their properties were listed in Table 5. 
Zirconium, hafnium and columbium, because of 
their nuclear properties, are finding usage in 
nuclear power-plants. 

The development of molybdenum base al- 
loys with outstanding strength-properties at tem- 
peratures above 1800°F has been one of the most 
significant alloy achievements of the past decade. 
The commercial availability of such high-temper- 
ature, high-strength alloys provides potentially 
promising materials to partially-fill the needs of 
advanced gas turbines, ram-jets, rockets, and long- 
range missiles. In the temperature range of 1600 
to 2000°F pure molybdenum exhibits better rup- 
ture-strength than the best nickel, cobalt or other 
super-allovys. At 2000 F molybdenum-base alloys 
have strength properties superior to commercial 
gas-turbine blade material tested at 1600 °F. 

Mo-0.50 per cent Ti alloy is in commercial 
production and Mo-0.44 Ti-0.07 Zr alloy is rapidly 
approaching that stage. Despite its high density, 
the strength-to-weight ratio of molybdenum alloys 
surpasses that of all commercial alloys above 
1500 F. Molybdenum retains useful strength- 
properties almost up to its melting point, and 
exhibits a low-temperature dependence of its 
modulus of elasticity (45 x 10° psi at room tem- 
perature). 

Unfortunately, a major obstacle limits the 
widespread use of molybdenum alloys for turbine 
and other long-time high-temperature applica- 
tions. Molybdenum and its alloys undergo rapid 
oxidation; hence, satisfactory protective coatings 
are required. Much effort has proceeded along 
these lines and sprayed coatings, cladding and 
electroplated nickel-chromium coatings appear 
promising for use up to 2000°F. The rewards 
from the solution of the problem of the protection 


continued on next page 


Fig. 10. Strengths to be expected of several 
high-temperature metal categories are plotted 
against temperature. 
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Proportional Tensile Modulus of 
Limit, Strength, Elongation, Elasticity, 
Temp °F 1000 psi 1000 psi percent 106 psi 
68 24.2 39.4 49 12.4 
392 14.6 33.6 48 10.9 
572 14.1 34.7 38 8.0 
752 14.6 33.2 28 7.5 
932 15.2 35.6 35 6.4 
1022 10.5 32.3 24 4.7 


Table XIl. Results of Tests on Sprayed-Metal 
Coatings for Molybdenum 


Type of Test 


Al-Cr-Si Ni-Cr-B Ni-Si-B 


a) Oxidation Test at 500 + hr. 
1800°F* followed by 

b) Oxidation Test at 100+ 100+ 100 - 
2000 °F 


500+hr. 500 +hr. 


a) Oxidation Tests at 
1800°F of Cylinders 
with 5 mils Coating 
thickness followed by 

b) Oxidation Test at 
2000°F 


500 + hr. 500+hr. 


283-500+ 83 500+ 


Thermal Shock Tests 
3 Specimens 
number of cycles to 
failure 


504 627 185-285 108-150 


| Ballistic impact Test on 0** 
3 3 Specimens (velocity 

2 of shot 330 ft/sec 

= life of coating at 

a 1800°F after 

py impacting 


500 +hr. 500 +hr. 


Erosion Test on 2 


25-30 min. 57-60 min. 40-50 min. 
Specimens, using 30 


to 33g. per min. No. 
90 aluminum oxide 
' grit; life of coating at 
1800°F 
*—75 consecutive specimens with Al-Cr-Si coating sustained 500 
hours exposure without failure at 1800°F. 
** With a shot velocity of 135 ft sec, specimen life after impacting 
was 160-170 hr. 
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continued 


of molybdenum alloys would be a potential in- 
crease in gas-turbine operating temperatures of 
over 400 F. 

Despite this poor resistance to oxidizing 
environments, molybdenum alloys are finding in- 
creasing usage in ram-jet, rocket and missile com- 
ponents, particularly in sheet form. Molybdenum 
alloys are being used in one of the most vital 
components of the Navy’s Fleet Ballistic Missile. 
These alloys hold great promise for use at tem- 
peratures even as high as 3000 F. Improved weld- 
ability and fabricability, and an increased ductility 
would ensure the role of molybdenum as a super- 
high-temperature material. 

Recent announcements of increased avail- 
ability of columbium (niobium) ores have led 
to increased attention to columbium alloys as 
high-temperature structural materials. Similar 
to molybdenum, columbium exhibits outstanding 
strength properties at 1800 F, e.g. 100-hour stress 
to rupture strength of 15,000 psi. Although at 
the moment, niobium alloys do not exhibit the 
outstanding strength potential of molybdenum 
alloys, it appears that they will be useful struc- 
tural materials up to about 2200°F. 

While columbium also has poor oxidation- 
resistance, unlike molybdenum it does not have a 
volatile oxide, and does not suffer catastrophic 
failures. Improved oxidation-resistant alloys of 
columbium are now appearing, and coating tech- 
niques can be resorted to, if necessary. Like the 
other high-melting metals, columbium is sensitive 
to contamination by oxygen and nitrogen, but in 
general is much easier to fabricate than most 
other refractory metals. 

Chromium-base alloys also have been de- 
veloped which exhibit good high-temperature 
properties up to 1800 F. Experimental alloys con- 
taining 45 to 50 per cent Ni have strength prop- 
erties at this temperature better than the current 
nickel and cobalt-base alloys. Chromium-base 
alloys suffer from the same disadvantage as most 
other high-strength materials, namely low ductil- 
ity. However, recent work on the preparation of 
ductile chromium and more ductile chromium-base 
alloys, offers encouragement for the future avail- 
ability of a series of alloys useful up to 2000°F. 

Since there are an increasing number of 
applications in which materials must withstand 
combustion temperatures above 5000°F, explora- 
tion of tungsten and tantalum alloys is also under- 
way. This work is still in a preliminary state. 
Alloys of rhenium, osmium, iridium and ruthenium 
are also under investigation. Despite the limited 
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availability of these metals and their high dens- 
ities, they may find a useful role for special appli- 
cations. 


Cermets 

The most highly developed cermets are the 
cemented titanium-carbide grades containing 
nickel-base alloys as the binder material. A size- 
able amount of work also has been accomplished 
with chromium-boride cermets using chromium- 
molybdenum alloys as binders, and the chromium- 
molybdenum-alumina cermets. 

While these cermets exhibit useful and, in 
some instances, truly impressive strength prop- 
erties from 1800 to 2000 F, their lack of ductility, 
high notch-sensitivity, low impact-resistance, and 
erratic thermal-shock resistance have been dis- 
couraging obstacles to their utilization in air- 
craft gas-turbines. The stress-to-rupture prop- 
erties of some carbide and bromide cermets are 
shown in Tables 10 and 11. 

Cermets should be promising materials for 
small gas-turbine applications. Integral disc and 
blade titanium-carbide turbine wheels have been 
successfully spin-tested. Tests are now underway 
to explore the potentialities of cermets for small- 
turbine applications in which high-heat input, 
high-temperature (2500°F) operation is required. 

Cermets have had wide application as 
rocket-motor exit nozzles. Silicon-nitride bonded, 
silicon-carbide has been extensively used and 
other ceramic-metal compositions, such as zir- 
conium boride, show promise for high-tempera- 
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ture operation up to 5000 F. 


Graphite 
Not to be overlooked in the category of 
structural materials is graphite. Its low density, 


1 10, 000 
100, 000 
- 90,0 ,000 


outstanding thermal-shock resistance and high 
sublimation-temperature (7000°F) have made it 
an important material in missiles, ram-jet and 
rocket application; e.g. guide vanes, nozzles, etc. 
Above 4500°F, graphite has superior strength 
properties to molybdenum and other refractory 
metals, which begin to deteriorate badly as their 
melting points are approached. 

The low oxidation and erosion-resistance of 
graphite still remain as major problems but some 
improvements along these lines have been accom- 
plished by converting the surface to carbides of 
silicone, molybdenum, titanium, and boron. 


Vanadium Alloys 


Ductile vanadium has been developed in 
recent years (Table 7) and vanadium alloys are 
receiving preliminary consideration for moderate- 
temperature application. Single-phase vanadium- 
titanium alloys (5 to 20 per cent Ti) have 
been developed which exhibit room-temperature 
strengths from 80,000 to 100,000 psi, good high- 
temperature strength retention, excellent forma- 
bility, and good weldability (Fig. 8). The duc- 
tility, weldability, and high-temperature proper- 
ties, within the range of 800 to 1100°F, and 
strength-to-weight features of the vanadium-ti- 
tanium alloys appear to be superior to that of 
commercial titanium alloys. Above 1150°F its 
oxidation-resistance is poor, therefore protective 
coatings are required. Vanadium alloys are of 
interest also as fuel-element canning materials 
for fast reactors. 


Future Expectations 


The materials problems and limitations, 
which now confront us are not absolute blocks to 
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Fig. 8. Vanadium alloys are receiving preliminary 
consideration for moderate temperature 
applications. Vanadium-titanium alloys have good 
formability and weldability. 
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the feasibility of space travel. Proper design and 
engineering considerations have overcome many 
such limitations, although compromises were, of 
course, inevitable. 

The trend toward higher speeds and sus- 
tained flight at such speeds, the introduction 
of new fuels whose combustion temperatures 
exceed the melting point of most materials, and 
the requirements of nuclear power-plants for 
rocket and missile propulsion make it imperative 
that improvements in materials continuously be 
sought. It can be anticipated that cooling systems 
and thermal-protection systems involving a com- 
bination of insulation and cooling will play a 
major role in coping with the difficult problems. 

From a purely materials standpoint, re- 
search now underway offers exciting and intrigu- 
ing possibilities for major improvements, and in 
the introduction of new types of structural 
materials. Fine-particle strengthening of metals, 
new composite-materials, ductile ceramics, pre- 
stressed ceramics, and the exploitation of the 
tremendous strengths of metal whiskers are all 
encouraging possibilities. There will be a much 
closer relationship between design and materials, 
and new design and application principles will be 
developed to take maximum advantage of ad- 
vances in materials technology. 

However, the role of new and exotic 
materials should not be exaggerated. They are 
urgently needed for vital, high - temperature 
problem areas, but there will always be applica- 
tions in advanced aerial vehicles for conventional 
structural alloys and refractories. 
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Table Vil. Mechanical Properties of Vanadium. 


Tensile Yield Red 
Strengtt Strength Elongation in Area 
Treatment psi psi oy) Gj 
Annealed 55, 7 42,000 65,000 26 38 66 82 
Cold Rolled 
* (60% 107, 101, 2.5 
75] 117, | 25 
80% 155, 142 2.5 
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Table Vill. Chemical Compositions of Representative 
High-Temperature Alloys 


Alloy Cr Co Ni W Co Mo Fe Ti Al 
Cobalt Base 

Vitallium 27~—s«64 2 5 2 

x40 25 55 10.3 7.4 1 

$816 20 | 43.7\|;20 |4 | 3.75) 4 2.8 
Ni-Cr-Co 

Base 

N155 21 20 20 2 1 3 30 
Refractalloy 

26 3 (2 | 3118 |28)\02 
Nickel Base 

Inconel X 15 72.5 1 Fs 25\ 7 
Nimonic 90 19.5 19.5 55.5 0.5 | 2.5 | 12 


Table X!. Comparison of Stress to Rupture Properties 
for 100 Hour Life 


1600°F 1800°F 2000 °F 


s/jD**| S$ sD Ss sD 


TiC Cermets 4700 |15,000 2400 
7200 |17,500 2900 


3000 475 


Boride Cermets 9750 141,000 5600 |/16,000 2100 
Mo Base Alloys ‘SR * 6850 160,000 5800 40,000 3920 
Mo Base Alloys (R 3420 {28,000 2740 [21,000 2060 


*S = Stress to rupture 
**S D = Rupture stress/density ratio 
a) = Stress-relieved condition 

= Recrystallized condition 


Fig. 11. The high creep-rupture properties 
of the chromium-boride cermets are 
evident at elevated temperatures. 


CREEP - RUPTURE PROPERTIES (IOO HR. LIFE) 


STRESS TO RUPTURE (1000 PS!) 


1400 1500 1600 1700 1800 1900 2000 2100 
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FULLY AUTOMATICS 
vs 


MANUAL GRINDERS 


2 AUTOMATICS 8 MANUALS 


l 
-- os 
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1 SEMI-SKILLED MAN 8 SKILLED MEN 
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bau we fiche MOUTON ge 
HIGH , 


—Plus this 4-way versatility 


Choose from any of these cycles with 
selective feed increments: 
1 Rough grinding 
2 Rough grind; finish grind 
3 Rough grind; semi-finish grind; finish grind 
4 Manual grind 


PUMP GEAR 


PUMP 
ROTORS 
600 pes. /8 hrs. /ma- 
chine ~~ floor to floor 
grinding cycle 
6 minutes 


For all the facts—write today! 
THE GEAR GRINDING MACHINE COMPANY 
3913 Christopher, Detroit 11, Michigan 
Monufacturers of: 
The Detroit Screwmatic 750, Automatic Screw Machine. 


UP TO 36” P.D. RZEPPA (Sheppa”) Constant Velocity Universal Joints 58 MT—S 
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Precision surface treatments are speeded by this array 
of tanks fed by overhead traveling crane at Anadite, Inc. 
Process requires different sequence and times of rack 
insertions in various baths to “hard anodize.” 
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electrolytic and bifluoride-dichromate 
treatment gives increased corrosion 
and abrasion resistance 


Despite its excellent strength-to-weight 
ratio, magnesium and its alloys have never real- 
ized their full potential for aircraft and missile 
applications. One of the prime reasons for this is 
the metal’s sensitivity to corrosion, and unwilling- 
ness to respond to conventional treatment for 
anodic film protection. 

Various chemically deposited and paint-like 
coatings have been used to protect the metal, but 
none has provided the combination of corrosion 
and abrasion resistance airframe manufacturers 
consider optimum. 

Finding 
parts, is a “ 


new application for production 
hard anodizing” process which creates 
tenacious film of magnesium aluminate, and 
other materials of the spinel class, that exhibit 
a hardness of 7 to 8 on the Moh scale and an 
ability abrade steel of Rockwell C-65 hardness. 
This wear resistant surface may be used alone, 
with assurance of excellent corrosion resistance, 
or (contrary to conventional thinking that alkaline 


a 
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baths are inferior as a base for paint and other 
organic finishes) may be used as a primer layer 
to accept mechanically deposited organic films. 
The “hard anodizing” process differs from 
ordinary anodic deposits in that it employs alter- 
nating current rather than direct; the bath tank 
does not serve as the cathode; and most important, 
the ultimate protective film is not an oxide de- 


posit but rather is a mixture of spinels, (largely 
magnesium aluminate), resulting from a true 


reaction of the bath solution and the magnesium 
parts. 

Corrosion resistance is enhanced consider- 
by the post-treatment which consists of 
dipping the parts, with the initial electro-deposit 
of magnesium oxide and spinels in a bifluoride- 
dichromate bath and drying in a controlled high 
humidity atmosphere without rinsing. This step 
is referred to as aging and requires about two 
hours. Any oxide is converted to a spinel material 
in the past treatment. Where time permits, 
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second bifluoride-dichromate dip and aging will 
further increase corrosion resistance. 

Natural aging continues to increase cor- 
rosion resistance on in-service-parts. Test panels 
exposed in a salt spray cabinet six months after 
post treatment showed almost 100 per cent im- 
provement over those exposed the day following 
post treatment. 


Part Preparation 


3efore the “hard anodizing” treatment 
begins, parts are inspected for damage caused in 
transit, and for machining marks severe enough 
to demand rejection. 


Cleaning and surface preparation are 
essential to proper anodizing, but are not as 
critical as the demands of some other chemically 
and mechanically deposited films. Parts are first 
vapor degreased in a stabilized trichlorethylene 
vapor bath at 180°F, soaked for 15 to 20 min in 
an alkaline cleaner at 180°F, then rinsed in clean 
running water. 

Stubborn oxide films or corrosion products 
may be removed by chromic acid _ solution. 
Recommended practice sheet for “hard anodizing” 
(HAE process for magnesium) states that acid 
pickles other than chromic should be avoided. 
However, major metal finishing firms like Ana- 
dite, Inc., Calif. have used hydrofluoric, phos- 
phoric, and nitric, as well as chromic acid pickles 
on various parts. Close-tolerance machined parts 
are never subjected to a pickling bath strong 

continued on next page 
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enough to remove metal, but in instances where 
tolerance observance is not too critical, stronger 
pickling baths are used advantageously as time 
savers. After pickling, the parts are again rinsed 
in running water and allowed to dry, prior to 
masking. 

The individual features of a part have a 
strong influence in how the part is masked. Mating 
areas are protected by a mask so that the ensuing 
anodic deposit does not throw the part out of 
tolerance. Drilled or threaded holes are protected 
by inserting plastic plugs. Machined faces and 
other close-tolerance areas are protected by mask- 
ants. A heavy Plastisol coating has been very 
satisfactory as a maskant. 


Immersion in Electrolyte 

The parts are then placed on racks for im- 
mersion in the anodizing bath. Parts must be 
accurately positioned to prevent undesirable arc- 
ing, or contact with the tank. Electrical contact 
with the work and copper bus bars must be 
through firm magnesium clips. Since magnesium 
is attacked at solution level, the magnesium leads 
should be protected at solution level. Various 
vinyl tapes and maskants are suitable. 

Parts of complex geometric configuration 
must be racked and suspended in the bath in such 
a manner as to preclude the formation of gas 
pockets during anodizing. 

Having considered the entire surface area 
of all the work pieces and leads to compute the 
current requirements, the parts are lowered into 
the anodizing bath. Current densities required 
are, 12 to 15 amp sq ft at 75 to 100 v. Starting 
from zero, the voltage is quickly raised to 40 v 
then adjusted to the required level. As the coating 
is formed, the electrical resistance increases and 
voltage adjustments must be made. 

The protective layer is usually built up 
to about 0.001 to 0.0013 in. per face. Since alter- 
nating current is used, the reaction occurs at 
both poles. 


Deposits of Even Thickness 


The non-conductive nature of the “hard 
anodized” layer inherently has a tendency to build 
an even deposit. The current flows more readily 
to the bare metal, or that area of the metal which 
may have a lesser deposit than another area, (ie) 
the current follows the course of least resistance. 

The process can be operated at tempera- 
tures from below zero to over 38°C. The preferred 
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range being 25 to 35°C. During the anodizing 
process, electrical energy is converted to heat. 
When tanks are operated at maximum capacity for 
long periods, cooling the bath may be necessary. 

After the electrolytic treatment, the parts 
are again rinsed in running water and given a 
post-treatment which enhances corrosion resist- 
ance. 


Post-treatment 

Post-treatment has many variations de- 
pending on the ultimate disposition of the part. 
Best surfaces are attained by immersing parts 
for 45 sec in a solution consisting of 20 gms 
sodium bichromate and 100 gms ammonium bi- 
fluoride per liter of solution. The parts are not 
rinsed upon removal, but are allowed to age in a 
humid atmosphere. Humidity is excessive when it 
causes condensation of water vapor on the parts. 
Aging time may vary from 45 min to several 
hours, depending on corrosion resistance required 
and economical time allowances. The exact chem- 
istry of the bichromate-bifluoride dip action has 
not been investigated, but its results are un- 
equivocal. 


Inspection 

Following post-treatment, parts are in- 
spected for color; this has been determined as an 
accurate index to the quality of the “hard anodize.” 
The coating produced is brown in color. The grada- 
tions of brown are matched against a control 
color panel. This has also proven a satisfactory 
inexpensive method for determining the strength 
of the bath. Detailed chemical analysis is not 
essential. 
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TABLE Ill. COMPARISON OF CORROSION RESISTANCE AND LENGTH OF AGING 


Panel Aging 44-Hour 60-Hour 132-Hour 180-Hour 
No. Treatment Exposure Exposure Exposure Exposure 
1 45 min. No pits No pits No pits No pits 
3 45 min. No pits No pits 2 pits 2 pits 
§ 45 min. No pits No pits No pits No pits 
11 No aging 1 pit 2 pits 2 pits 2 pits 
13 No aging 3 pits 3 pits 3 pits 3 pits 
15 No aging 6 pits 6 pits 6 pits 6 pits 


The results clearly show that aging greatly improves the corrosion resistance of the coating; hence it should be applied 
wherever maximum corrosion resistance is an essential requirement. Aging may vary from 45 minutes to 7 hours or more, 
depending on the degree of corrosion resistance required. Test specimens should never be exposed to salt fog the same 
day they have been treated. 
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Limitations 

There are certain very definite limitations 
to this “hard anodizing” process in spite of the 
outstanding results achieved with particular parts. 

Parts of bimetallic composition cannot be 
treated without precise masking to prevent gal- 
vanic corrosion. 

There is a definite loss in fatigue strength 
in all parts treated by this process. The loss in 
fatigue increases in proportion with the length 
of “hard anodize” treatment. Thus, there is an 
increasing penalty in loss of strength with each 
corresponding increase in corrosion resistance. 
This is most noticeable in thin gage material. In 
thicknesses over 0.9 in., the loss in fatigue 
strength is not too critical. 

Losses in fatigue strength range from 2 per 
cent to 10 per cent, after 10 min treatment of 
0.094 and 0.040 in. stock; from 2 per cent to 
20 per cent, after 1 hour treatment of the same 
gage stock. 

The use of “hard anodizing’ on primary 
structures has not been advisable, but it is only 
fair to point out that magnesium is not used 
extensively as a primary structural material. 
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Magnesium casting for Bomarc ramjet engine has been 
given HAE hard anodizing coating of 0.001 in. Masking 
of machined areas to prevent anodizing is precise 
operation but this complex part has been hard anodized 
without difficulty. 


Development and employment of this proc- 
ess for protecting magnesium parts has already 
expanded its use in such functional parts as con- 
trol system pulleys, quadrants, brackets and hous- 
ings, and such external skins as flaps, control 
surfaces, and ram-jet engine housings. ‘Hard an- 
odizing” produces the hardest protective surface 
for magnesium developed to date and is rapidly 
opening a variety of new applications for this 
metal in aircraft and missile manufacturing. 


The process described is officially known as the HAE 
Process for Magnesiun It was developed by Mr. H. A. Evan 
gelides, research chemist at Frankford Arsena Army Ord 
Department 


A REPRINT 


of this article can be obtained by writing on 
company letterhead to 


The Art and Editorial Production Manager 
AIRCRAFT and MISSILES MANUFACTURING 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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zero? 
infinity 


This department is created to encourage thinking in new dimensions; 
thinking that is free of the often constraining influence of immediate 
difficulties. Technological progress is to a great extent based on de- 
partures from the conventional or the status quo. That which is con- 
sidered illogical or impossible to accomplish, has and always will be 
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only within the limited compass of accumulated knowledge up to a 


é —EE a ———— 
> 
. 
ae 
particular date. Speculative thinking is man’s most precious asset. 
It is hoped that this department will provide an outlet for such think- 


ing and will serve to stimulate further ideas. The implications of the 
symbolism for this department head are that: while the immechate 
worth of a concept may range from nil to infinity, its true value will 
only be determined in the ultimate. 


Electro-magnetic reaction 


can it be utilized as a means 
for propulsion in space? 
MAGNETIC FIELD (ELECTRONIC) REACTION MEANS 


Time 
Vv 
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G FIELD SOUTH 
ATING FIELD SOUTH 
Y= FULL CYCLE (FREQUENCY TO BE THE OPTIMUM 
COMMENSURATE WITH THE RATE OF COLLAPSE 
OF AN ELECTRO-MAGNETIC FIELD X 3) 
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= GENERATING FIELD NORTH | 


Given a system of electro-magnets as illus- 
trated, with the N pole for the platform and § 
pole for the reactor. If the two poles were coupled 
in a phase-time relationship, their fields would 
be successively generated and collapsed in syn- 
chronized sequence as follows. 

While maintaining the field of the S pole, 
the power of N is cut and its field collapsed. Next 
the field of S is collapsed while rebuilding the 
field of N. 

Now the field of N is maintained while re- 
building the field of S, and the entire sequence is 
repeated continually. 

Generating the field of N in a generally 
horizontal wave, and that of S in a vertical wave, 
the following can be assumed. 

N, as a horizontally generated field, is 
disconnected from its parent structure at the 
instant of the power cut-off, but the now-isolated 
field, as it fades (from nearly 100 per cent to 
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0 per cent) is attracted to S, with its maintained 
field at that time. S, is however, connected to 
its parent structure; the tendencies of N and S 
to attract to a common half-distance are re- 
strained, and the N field inertia attracts the S 
field and its entire parent structure toward N, 
for the duration of that part of the cycle. 

Cycled on a high-frequency pattern, this 
system would generate lift in a period whose base 
is the speed of electricity. It would require a 
double electronic circuit, with the N and S phased 
to generate the extra 14 resultant (the distance 
that the S field cannot instantly move to meet the 
downward moving N field) in a frequency deter- 
mined by the rate of collapse of an electro-mag- 
netic field times three (see graph). 

A system such as this might generate lift 
sufficient to lift a space vehicle from the gravita- 
tional field of a planet, or at least to accelerate 
a ship for an extended length of time from a satel- 
lite station (or after a boosted take-off from a 
planet) achieving the quasi-gravity and eventual 
very high velocity so desirable in space travel. 
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Control in Man-Machine Sys- 
tems. 


DESIGN 


G. W. HOOVER. Control Eng., 


(March 1958), 4 pp. 

Review of types and functions 
for current control systems, 
and a comparison between 
manned and unmanned sys- 
tems used in weaponry. 


Intake-Ducts. 


A. F. WATTS. Aeft. Prod., 
(April 1958), 6+- pp. 

Design and manufacturing as- 
pects of integrally-stiffened 
air-intake ducts for the Lock- 
heed F-104 aircraft. 


Optimization Study Missile Aux- 
iliary Power Systems. 

E. I. BROWN and R. W. MC- 
JONES. SAE paper #48D, 
(April 8-11, 1958), 15 pp. 
Current energy-sources and 
power-conversion units are 
discussed as viewed by the 
equipment supplier. 


A4D Skyhawk. 


Flight, (March 7, 1958), 4 pp. 
A review of its evolution and 
certain design features. 


Which Rate Gyro to Use? 


H. STERN. Control Eng., (Feb- 
ruary {958), 3 pp. 
Description of various types 
of gyros as applicable to air- 
borne automatic-control sys- 
tems. 
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Selection of Optimum Modes of 
Control for Aircraft Engines. 


A. J. SOBEY. SAE paper 
#49A, (April 8-11, 1958), 19 
pp. Discussion of basic con- 
trol requirements for turbo- 
jet engines by classifying 
regimes of operation in ac- 
cordance with their primary 
objectives: physical limiting, 
thrust, and transient control. 


MATERIALS and PROCESSES 
Fusion Welding of Titanium. 
Amer. Mach., (April 7, 1958), 


3 pp. 
Joint design and welding pa- 
rameters given. 


Which Adhesive for What? 


R. W. JAMES and R. W. GORMLY. 
Prod. Eng., (March 17, 1958), 
3 pp. 

Concise information given on 
types, properties and sources. 


Flame-Sprayed Ceramic Coat- 
ings. 
T. A. DICKINSON. Production 
(March 1958), 2 pp. 
Brief description of process 
as practiced at Ryan Aero- 
nautical Co. 


Machining Nonferrous Metals. 


lron .Age, (April 24, 1958) 
16 pp. 

Machining practice as applic- 
able to aluminum, magnesium, 
and copper alloys, also to ti- 
tanium covered. Hints are 
also ziven on proper tooling, 
speeds and feeds, depth of cut, 
lubricants and coolants. 


Use of Adhesives in the Aircraft 
Industry. 


W. K. BAILEY. SAE paper 
#34B, (March 31-April 2, 
1958), 12 pp. 

Discussion on the use of ad- 
hesives on the Convair B-58 
bomber. 


Behavior of Metals under High- 
Energy Loads. 


T. A. DICKINSON. Tool Engr., 
(March 1958), 4 pp. 
Available information on the 
behavior of metals under ex- 
plosive (forming) forces is 
summarized. 


Tooling with Plastics. 


V. L. FULCHINO. Mach., (April 
1958), 5 pp. 
Typical applications given for 
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the production of close-toler- 
ance parts used in small air- 
craft engines. 


Willing and Able Exotic Metals 
Seek Employment. 
A. R. GARDNER. Prod. 
(March 17, 1958), 5 pp. 
The properties and possible 
applications given for nine 
such metals. 


Eng., 


Corrosion and Oxidation-Resis- 
tant Coatings for Metals for Op- 
eration at Temperatures from 
1000 F to 2400 F. 


J. V. LONG. SAE paper #46C, 
(April 8-11, 1958), 14 pp. 
Background information on 
coating development, and dis- 
cussion of Solar Aircraft 
Company’s research on coat- 
ings for metal protection up 
to 2400°F. 


Bonding Magnesium. 


B. A. FORCHT. Acfft. 
(April 1958), 7 pp. 
Process and evaluation data 
given on technique for the 
bonding of magnesium alloy 
sheet at Chance-Vought Air- 
craft, Inc. 


Prod.., 


Hot Spinning Titanium. 
Production, (April 1958) ,1 pp. 
Brief description of process 
as applied to production of 
missile pressure-tanks. 


PRODUCTION 
Hot Precision Forgings and Ex- 
trusions. 


J. F. MURPHY. 
#36C, (March 
1958), 18 pp. 
Attributes of precision-gear 
forging, rotary forging and 
cross extrusion processes are 
examined. 

Continued on next page 


SAE paper 
31-April 2, 
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Designed for 
continuous operation 


Normal backlash limits 
range below .08° 


Joints can be furnished 
with O° backlash 


The NEW APEX 
anti-friction 
UNIVERSAL JOINT 
meets or_exceeds _ 


—all’requirements of — 
Spec. MIL-U-3963 


_—— 


NOW! a NEW high-capacity, 
precision ANTI-FRICTION 
universal joint by 


© & 


y 


—— 


These new Apex universal 
joints are also available with 
lubricant-retaining covers. 


Here is an anti-friction universal joint without any 
of the “looseness” once considered typical of universat 
joints incOrporating needle bearings. Through an en- 
tirely new design approach, Apex has prodacéd an ant 
friction universal joint that makes if-possibte to design 
critical systems | with little-or no ‘initial backlash, and to 
maintain a lash-free system for extended periods. 

Thoroughly tested —torsional play, end and side play, 
tightness, static torque, axial load, fatigue, endurance 
and environmental salt spray, sand and dust, altitude, 
humidity and friction torque—eand thoroughly. proved, 
these new Apex joints offer the desigmeerffineer a new 
concept ofthe. function of. universal joints in solving the 


ee 


‘Write, on your company letterhead please, for com- 


plete information; engineering service is available. 


MACHINE & TOOL CO. 


1030 South Patterson Bivd. 
DAYTON 2, OHIO 


A Quarter Century of Service to Industry 


Phantom view of APEX covered wniversa! joint 
which operates efficiently in wet or dry, cor- 
rosive or abrasive atmospheres, and in extremes 
of temperatures. 


Circle 40 on Inquiry Card, page 65 
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ULTRA-RELIABLE rae 


WITCHIN 
ULTRA-LOW 


TORQUE? 


Milling Jet-Engine Blades— 


Eighteen Seconds per Piece. 
Cc. 0. HERB. Mach., (March 
1958), 5 pp. 
Description of automated 
process and machinery. 


Powder Metal Shanks Reduce 
Chatter. 
Cc. G. ERICKSON. Tool Engr., 
(March 1958), 3 pp. 
Design of tools and methods 
discussed for difficult internal 
machining operations. 


“Bladder Molding’’ Forms 


Smooth Plastic Laminates. 


a | J. A. BAGLEY and F. M. PART- 

r RIDGE. Amer. Mach., (April 7, 
-- e 1 27/32 7 1 9/32” 1958), 2 pp. . 

ee ee ee Switch up to Ten Circyits ——_______ __. Novel setup permits making 
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a lay-up of preimpregnate 
over male plug, expanding 
plug by air pressure to con- 
form to smooth walls of en- 
veloping female mold. 


Electro Tec Combines Both In 
One Precision Switch... 


And more, Electro Tec miniature switch assemblies are designed 
to withstand shock and vibration with no impairment of per. 


Rotary Extrusion Reduces Costs 
and Saves Material. 


formance. Their primary use is for applications requiring an J. GENIS and W. MALLINDINE. 
extremely small unit, low friction torque, high accuracy and low Mach., (April 1958), 7 pp. 
noise requirements at high speeds. Production of jet-engine com- 
The same high standards of quality control that are typical of ponents by the cold power- 
Electro ‘lec’s products are maintained in all phases of switch spinning, or power roll-form- 


construction, 


ing method discussed. 


Electro Tee slip ring and commutator assemblies are a standard 
specification for thousands of industrial and government applica- 
tions where precision, low torque friction, superior electrical 
characteristics, top mechanical strength and absolute tolerance at REVIEWED IN THIS ISSUE 


a minimum cost are a must. 


Periodicals and Papers 


: lhere 1S _ Electro lee engineer near you. He will be glad to Acft. Prod. Aircraft Production (British) 
Visit you and help on your design problems. Amer. Mach. American Machinist 


Control Eng. Control Engineering 
Flight Flight (British) 
Iron Age Iron Age 


ELECTRO TEC CORP. "iiczorrium = (GY yeas 


Write for illustrated literature. 


Prod. Eng. Product Engineering 


P. O. Box 37C, SOUTH HACKENSACK, N. J. Pat. No. 2,696,570 a car : ee 
. -2,6 / n on ng r 
Circle 41 on Inquiry Card, page 65 Aircraft and Missiles Manufacturing ¢ June 1958 
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Centrifuge Slip Ring 
Produced for Missile Test 

A centrifuge slip ring de- 
signed for use with exceedingly 
high voltage has three circuits 


handling 10 kv de 
continuously. Minimum noise is 
attained through the use of 
precious metals. 

The assembly is rated at 
350° F continuous operation. All 
15 slip rings and shielded wires 
are high pressure molded into 
one integral assembly to offer 
protection against shock, vibra- 
tion and humidity. These assem- 
blies, ball bearing mounted and 
sealed, can provide 10 to 15 mil- 
lion revolutions of noise-free 
operation at 6000 rpm. 

Slip Ring Co. of America 


Cirele 118 on postcard ior more data 


capable of 


Pressure Transducer 
Measures LOX Pressures 

A new pressure trans- 
ducer has been designed for 
measuring liquid oxygen differ- 
ential pressures in missile and 
other rugged cyrogenic applica- 
tions. 


Aircraft and Missiles Manufacturing 
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materials / components 


Model 
S-15, the unit is a dual coil, 


Known as the 
diaphragm type, differential 
pressure transducer. The gage 
features pneumatic symmetry to 
give a true indication of differ- 
ential pressure despite any tran- 
sient flow conditions. 


A high 
the use of direct reading instru- 
ments and use in control sys- 
tems without amplification. 

Ultradyne, Inc. 


Circle 119 on postcard for more data 


output permits 


Two Hi-Temperature 
Alloys Announced 

Two new high-tempera- 
ture alloys for use in the jet and 
missile age, designated D-979 
and AF-71, have been produced 
in billets, bars, sheet, wire and 
forgings. Both alloys are now 
available in experimental quan- 
tities on a developmental basis. 

Alloy D-979 is a nickel- 
chromium based material pro- 
duced by the consumable elec- 


June 1958 


trode vacuum melting process 
pioneered by Allegheny Ludlum. 
It is designed for applications 
requiring high strength at tem- 
peratures up to 1600° F. 

Alloy AF-71, is a com- 
paratively inexpensive high- 
temperature, high-strength alloy 
with outstanding creep-rupture 
properties in the 1000 to 1500° F 
range. It is an iron-chromium- 
manganese material with low 
strategic alloy content. 

Allegheny Ludlum Steel Corp. 


Circle 101 on postcard for more data 


Spiral-Wrap, High-Pressure 
Hose of Teflon 

A high pressure hose of 
Teflon features a spiral wrap 


construction engineered for last- 
ing strength and resistance to 
impulse fatigue. The hose is de- 
signed for 3000 psi aircraft sys- 
tems. The spiral construction 
prevents brinelling of the stain- 
less steel wire and eliminates 
wire stress concentration. 
“Super gem” fittings per- 
mit hose make-up assemblies in 
the field, and allow speedy alter- 


continued on next page 
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materials / components 


ations in length when changes 
in hose dimensions are required. 
A metal-to-metal line seal 

in the fitting, combined with a 
lip seal formed by the tube of 
Teflon between the nipple and 
the sleeve of the fitting, assures 
positive grip and lasting pro- 
tection against fitting blow-off. 
Aeroquip Corp. 


Circle 108 on postcard for more data 


Hydraulic Relief Valves 

Can be Operated at 650 F 
A family of inline hy- 

draulic relief valves designed to 


operate in high performance air- 
craft systems has qualified under 
MIL-V-5523B. The valve may 
be modified for temperatures to 
650°F, since it does not employ 
a dynamic elastomer. A built-in 
dash pot dampens out any ten- 
dencies for the valve to become 
unstable from cracking to ex- 
tremely high flow. 
The flow capacity of the 
‘2 in. valve is comparable to the 
MS 28887 %4 in. valve with ap- 
proximately half the pressure 
differential between full flow 
and reseat. 
Arkwin Industries, Inc. 


Circle 109 on postcard for more data 


Bellows-Type Shaft Seal 
Uses Teflon Construction 

A bellows-type, end-face, 
shaft seal, in which only Teflon 
is exposed to the liquid being 
sealed is designed for use where 
chemicals increase the corrosion 
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rate of seal parts normally made 
of metal. 

The main sealing mem- 
ber is a bellows of pure Teflon 
integrally molded with a sealing 
face of filled Teflon. 

For internal mounting, a 
double-ended seal is employed. 
For external mounting, a single- 
faced seal is used, and the rotat- 
ing member is secured to the 
shaft with a metal clamping 
seis Crane Packing Co. 


Circle 117 on postcard for more data 


Fuel Control Units 
Available for Gas Turbine 
Drones, Missiles, Aircraft 

A series of light-weight, 
low-cost, fuel controls suitable 
for use on small gas turbine 
powered aircraft, missiles and 
target drones is available as the 
Model MC fuel control series. 

Each unit incorporates a 
pneumatic speed governor which 
enables it to maintain constant 
speed from sea level to 60,000 ft. 

All versions in the MC 
series are approximately the 
same size and vary in weight 
from 7 to 10 lb. 

Remote control, when re- 
quired, is accomplished by means 
of an electric actuator mounted 
on the control unit. 

Pratt & Whitney Co. 


Circle 106 on postcard for more data 


Ferrites Available 
For Microwave Components 

The availability of two 
new types of ferrites for micro- 
wave and other applications has 
been announced. They are sin- 
tered oxides of such metals as 
nickel, magnesium, and man- 
ganese, and are blended, sintered 
and finished within a tolerance 
of 0.0005 in. 

Type N-50 ferrites, de- 
signed for use in electro-mechan- 
ical filters, offer an extremely 
low temperature coefficient with 
a resonant frequency change of 
less than 35 cycles/megacycle/ 

C over a temperature range of 
40 to 85°C. 


Type N-51 ferrites, use- 
ful in transducers, are especially 


suited for hydrophones and sim- 
ilar devices requiring low power. 
Kearfott Co., Inc. 


Circle 105 on postcard for more data 


Silicone Fluid Lubricates 
Bearings at 600 F for 50 hr 


Despite operation at 600 
F under rigorous test conditions, 
this 150 mm jet engine bearing 
shows no visible signs of degra- 
dation. Run in Versilube 81644 
silicone lubricating fluid for 50 
hr, the bearing was operated at 
7100 rpm under a 5000 |b axial 
load. 

Test was one of a series 
on silicone fluids being con- 
ducted for design engineers in 


General Electric’s aircraft gas 
turbine engine operations at 
Evendale, Ohio. 

Tests have shown the 
Versilube fluids offer excellent 
potential as high temperature 
lubricants for jet engines. 

The Versilube fluids are 
characterized by good thermal 
and oxidative stability in the 500 
to 700° F temperature range. 

General Electric Co. 


Circle 111 on postcard for more data 
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| for AIRCRAFT or SPACECRAFT 


ARNAV_.. 
OPERATES PLANTS on both East and West Coasts. 


MAINTAINS LARGEST STOCKS of hydraulic fittings on entire 
Eastern Seaboard. 

MAINTAINS LARGE STOCKS of forgings and bar stock — for 
fabrication into complete fittings with maximum speed. 
DESIGNS and PRODUCES SPECIAL FITTINGS to very close toler- 
ances to your drawing specifications. 

OWNS ITS OWN TOOLS AND DIES to speed delivery to you 
on special designs. 


ARNAV AIRCRAFT ASSOCIATES, Inc.. 
32 ee ee col New Jersey 
S : bbard 9- 
@ FABRICATES FROM ALMOST ANY METAL: DIRECT WESTERN UNION WIRE: WUX, Little Ferry, N. J. 
303, 347 and other stainless steels; 14ST, 
17ST, 61ST, other aluminum grades; West Coast Plant: 121 Main Street, 
C1137, 4130 and other steels; brass, El Segundo, Calif. 
titanium, magnesium and Duronze. 


MEETS OR EXCEEDS MIL-F-5509 specs; 
maintains inspection and quality con- 
trol standards in conformance with 
MIL-Q-5923. 


WRITE, PHONE OR WIRE for prompt de- 
livery on your standard requirements — 


32 Industrial Avenue Little Ferry, New Jersey 
and quotations on specials. 


Please send me your Hydraulic Fittings Wall Chart 
and information on your company facilities. 


NAME_____ 


Mail Coupon ror convenient Me DEPARTMENT_ 


S 
17 x 22 WALL CHART on A-N, MS and 4 COMPANY __ 
NAS HYDRAULIC FITTINGS — and for the *% ‘ 
basic background story on your most- ° : STREET 


fitting source of supply '  City___ cciscaitaen nisin SOME. SITE. 
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materials / components 


Hydraulic Pump Gives 
Pressures to 5000 psi 

The first of a new line of 
ll-cylinder hydraulic pumps is 
announced by Vickers  Incor- 


This unit 


porated. 
pressure to 5000 psi and delivers 


provides 


15.8 gpm at 6220 rpm. Both 
variable and fixed displacement 
models are available. 

The new series attempts 
to fulfill the aircraft industry’s 
requirements for increased flow 
rates, higher pressures and 
greater rotative speeds with im- 
proved reliability. 

Vickers Ine. 


Circle 110 on posteard for more data 


Electrical Wiring 
Coated with Teflon 


Bronco 500 electrical 
hook-up and lead wire, insulated 
with Teflon has an operating 
temperature range of from —90 
to 250° C. It is impervious to 
most chemicals and solvents and 
has very low moisture absorp- 
tion. 


60 


Made with silver-plated, 
stranded copper conductors, it 


A AN A nw ow) 
ae alate” ae. at 


eliminates cracking at low tem- 
peratures and permits runs of 
unlimited length. Bronco 500 is 
made in a.w.g. sizes 20, 18, 16, 
14, 12, and 10 and is available in 
all colors, solid and striped com- 
binations. 
High Temperature Div., 
Western Insulated Wire Co. 


Circle 120 on postcard for more data 


Gear Hydraulic-Pump 
Prevents Fluid Trapping 

A high-speed hydraulic 
pump, designated the Hydroid 
pump, features gears with an 


JZ 
y e 
¢, ~~ 

elliptical profile to eliminate 


trapping of liquid between teeth. 

The non-trapping feature 
permits speeds in excess of 4000 
rpm with hydraulic pressures of 
more than 1500 psi. Flow rates 
from 3 to more than 250 gal/ 
min are attainable. 

Ability to operate at high 
speeds eliminates need of costly 
reduction gearing accessories on 
hydraulic applications. 

Hupp Aviation Co. 


Circle 115 on posteard for more data 


Unitized Fuel Control 
Designed for Helicopters 


A unitized fuel control 
designed especially for helicop- 


Aircraft and 


ter powerplant installation is 
known as the TA-l. The com- 
pact package weighs approxi- 
mately 30 lb. It houses a com- 
puter system, a fuel metering 
system, and a power turbine 
governor enabling the control to 
maintain desired engine speeds 
from sea level to 30,000 ft under 
varying conditions of pressure 
and temperature. Either 
ment of a dual element gear 
pump is capable of delivering 
full fuel requirements. 
Chandler-Evans Div., 
Pratt & Whitney Co., Inc. 


Circle 107 on postcard for more data 
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Simple, Inexpensive Fastener 
Provides Strength, Ductility 

Weight reductions to 76 
per cent, plus high ductility have 
been provided in a new hex nut 
fastener. The new series, in 
thread sizes 10-32 and 14-28, is 
designed to carry the same loads 
as heavier hex nuts. 


Ductility tests show that 
when these nuts are squeezed 
in the jaws of a vise they “fold” 
together without cracking. They 
are made in alloy steel, with a 
special heat treatment to 
achieve unusual ductility and 
still meet MIL-N-25027 require- 
ments. 

Nutt-Shel Co., Inc. 


Circle 104 on postcard for more data 
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Advertisement 


Zirconium, thorium, cerium... strange names for little known, 
little used elements. But add them to magnesium, and a new family 
of metals appears. Preserving the high strength-weight ratio 

of the featherweight metal, they add high-temperature properties 
that have proved a necessity in high performance aircraft 

and missiles. A specialist in light metals casting, Rolle knows 
these alloys as you know the back of your own hand. 


how to save weight 
at high temperatures 


an introduction to the magnesium-rare earth-thorium alloys 


One-fourth the weight of steel... two- 
thirds the weight of aluminum... mag- 
ne-ium has carved a fe atherweight niche 
for itself in modern materials engineering 

But the reputation won by the 
magnesium-aluminum zine alloys was won 


Where high tem- 


at room tem peratures 


per itures obtain, the “structural” alloys 
are no longer structural. and the lesser 
known “premium” group comes into 


it- own. 

These alloys. providing excellent high 
temperature properties and creep resist- 
ance to 660F, are also characterized by 

¢ uniform strength of varying 

cross-section 

« high fatigue strength 

e¢ low notch sensitivity 

¢ freedom from mic roporosity 

¢ good stress rupture characteristics 

« good founding qualities 
Naturally, properties vary within the 


HIGH TEMPERATURE 
TENSILE PROPERTIES 
ALLOY MAGNESIUM HZ 392A 7 240 
SAND CAST 


200°F 400°F 
TEMPERATURE 


group, but a rough comparison of indi- 
vidual advantages can be drawn. 


a profile of the “premium alloys” 

ZK51A and ZE41XA are superior, fine 
grained alloys with high yield strength 
and ductility, excellent fatigue properties, 
low notch sensitivity, and they are pres- 
sure tight without impregnation. Alloy 
ZH62XA offers these same general proper- 
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ties but is stronger than ZK5] A. The room 
temperature strength of ZH62NA is com- 
bined in a relatively new alloy, ZH42, 
with creep resistance to 1S0F. 

Complete freedom from microporosity, 
excellent founding properties, and low 
heat treating tem peratures, characterize 
EZ33A, a magnesium-zirconium-cerium 
alloy. Like ZH42, EZ33A resists creep to 
IWOF, and possesses good tensile proper- 
ties at both normal and elevated 
temperatures. 

HZ32A, perhaps the most important 
allov of the thorium 
rather than cerium. Equal to EZ33A in 


strength, founding properties, and heat 


series, contains 


treating characteristics, it resists creep 
to 660F. 


ideal for engine castings 


Though each of these “premium” alloys 
offers specific advantages, the benefits of 
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HZ32A have undoubtedly been most im- 
pressive. Its unique heat resistance prop- 
erties permit weight savings in stressed 
turbine engine parts with magnesium 
castings for the first time. A_ typical 
example is the part illustrated above... 
a jet engine compressor housing . . . sand 
cast by Rolle in HZ32A. Success of this 
alloy in such applications can be inferred 
from the two graphs—High Temperature 


© 


Tensile Properties and Creep Resistance 
For Specified Plastic Strains. 


maintaining specified properties 


Chances are you spend hours...even 
. studying the “book” s pecifica- 


tions of a metal before you design it into 


days.. 


a part. But the book you ve been working 
with too often gets thrown out the window 
with the first production run. Getting the 
most out of the premium alloys and into 
the cast part is often a difficult task, but 
we feel we're in an ideal position to do 
just that. Sand, shell, and 

mold casting the light metals . . 
the light metals .. 


permanent 
. and only 
. is our business. 


fifty-eight page engineering manual 

A considerable amount of data on the 
design properties of the aluminum and 
magnesium alloys can be found between the 
covers of our light metals casting manual. 


CREEP RESISTANCE FOR 
SPECIFIED PLASTIC STRAINS 

ALLOY MAGNESIUM HZ 324 

COND. SAND CAST 

aS CAST 

67 F 


TEmP 


' 
wo 


TIME IN HOURS 


We'll gladly send you a copy on letter- 
head request. Write Rolle Manufacturing 


Company. 317 Cannon Avenue, Lansdale, 
Pa.. or call ULlysses 5-1174. 


‘ROOLLE 
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Regulator Safeguards 
Electronic Equipment 

An air pressure regula- 
tor, used to prevent self-destruc- 
tion of electronic guidance 
equipment on guided missiles, 
maintains approximate sea level 
pressure in an electronics com- 
partment. This prevents de- 
structive electrical arcing at the 
low pressures encountered in the 
missile environment. 

The unit weighs %4 Ib, 
measures 3 in. high, with a hous- 
ing diam of 2% in. and an at- 
tachment flange diam of 4 in. 

The unit is an outflow 
valve operated by a spring and 
bellows arrangement. 

Garrett Corp. 


Cirele 113 on postcard for more data 


Ceramic Coil Forms Have 
Pre-Set Torque Spring Lock 


Designed for both mili- 
tary and commercial applica- 
tions, a new line of ceramic coil 
forms is comprised of five stand- 
ard sizes; each available with or 
without terminal collars; each 
terminal collar accepting up to 
four terminals per collar. 

An internal, pre-set 
torque spring positions and locks 
the adjusting cores thus keeping 
coils tuned as set, even under 
severe vibration and shock. 

National Company, Ine. 


Circle 103 on postcard for more data 


Submerged Booster Pump 


For Drone and Missile Use 

Consisting of a centrif- 
ugal pump, an electric motor and 
a radio noise filter, this low-cost, 
submerged fuel booster pump is 
designed for vertical mounting 
on the fuel tank wall of target 
drones and missiles. 


Pumping fuel per MIL- 
F-5624 it has a rated flow of 300 
pph, with a 14 psig discharge 


pressure. The unit is built for 
a 50 hr minimum continuous op- 
eration life at the rated condi- 
tions. It will operate in a fuel 
temperature range from —65 to 
110 F and altitudes from sea 
level to 45,000 ft. 
The motor is rated at 
0.06 hp, 10,000 rpm, 26.5 v de, 
with a current drain of 3.8 amp. 
Lear, Ine. 


Circle 114 on postcard for more data 


Foam-in-Place Epoxies 

For Electrical Components 
Two foam-in-place epoxy 

potting compounds now are 


ee 


available for use in protecting 
electronic components where 
weight-saving is important. The 
low density, closed-cell epoxy 


Aircraft and 


foams maintain excellent elec- 
trical characteristics and me- 
chanical strength. Available is 
Sealfoam 601, a two-component 
liquid, and Sealfoam 605, a 
single-component, free - flowing 
powdered material. 

Picture illustrates use of 
the single-component compound 
in a small transformer where 
protection against vibration is 
required. 

Minneapolis Honeywell 


Circle 112 on posteard for more data 


Hydraulic Bleeder Valve 
Has 360 Deg. Positionable 
Discharge Aperture 
A compact, hydraulic 
bleeder valve, designed for use 
in bleeding or purging lines in 
aircraft and hydraulic circuits 
features a discharge port that 
can be positioned in a 360 deg 
plane to simplify bleeding op- 
erations in confined working 


areas. 


The unit operates’ in 
temperature ranges of 65 to 
250° F. 

It is manufactured in cad- 
mium plated steel with 3 16 in. 
OD nozzle, and 5/16 in.—24 
UNF thread connections. It can 
be made of other metals. Oper- 
ating pressure is 3500 psi, proof 
pressure 7000 psi and burst 
pressure 14000 psi. 

Fluid Regulators Corp. 


Circle 1902 on postcard for more data 


Man-made Rubber 
Ameripol SN a man-made 
rubber with the same molecular 
structure as natural rubber can 
be used interchangeably with 
natural rubber for making air- 
craft and missile tires and 
tubing. 
B. F. Goodrich Co. 


Circle 116 on postcard for more data 
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TILTING HEAD ON 
AUTOMATIC MILLER 


A new type Keller auto- 
matic tracer-controlled milling 
machine with a special milling 
head that can be tilted 20° above 
or below the horizontal position 
has been developed. 

The new miller was de- 
for profile milling of 
“warped” surfaces encountered 
in many aircraft components 
which must be accurately pro- 
filed to conform with the con- 


signed 


tours of the aircraft’s outer sur- 


Aircraft and Missiles Manufacturing 
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face. It is a modification of the 
BG-22 Keller used extensively in 
the automotive and aviation in- 
dustries for the production of 
large dies and molds and for 
milling forged parts. 


The Keller weighs more 


than 75 tons. A_ template 
mounted parallel to the hori- 
zontal motion of the machine 


controls the angle of tilt through 
servo action. 

The operator’s control 
panel is contained in an inde- 
pendent electrically powered 
elevator. 

Pratt and Whitney Co. 


Circle 128 on postcard for more data 


NEW FLOOR MODEL 
TURRET DRILL 


Manufacturers who drill, 
tap, counterbore, ream or other- 
wise machine small holes (up to 
1,-in. diam in steel) are offered 
a new floor model turret drill. 
Several features _ specifically 
adapt this tool to high produc- 
tion jobs, eliminating time nor- 
mally wasted moving part and 
jig from machine to machine or 
spindle to spindle. 

A series of six different 
operations can now be _per- 
formed from one work loca- 
tion with a six station turret. 


June 1958 


ama 


for production 


The turret ro- 


indexed 
tates itself, and only the spindle 


power 


in use is in operation. As the 
head reaches top position on the 
vertical columns, indexing is 
triggered automatically. Each 
spindle, however, will repeat 
any number of feed _ strokes 
without indexing, if duplicate 
hole sizes or operations are de- 
sired. 

Two-step pulleys on the 
motor drive produce two com- 
plete speed ranges on each spin- 
dle. 

Burgmaster Corp. 
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QUALITY CONTROL TOOL 
FINDS MISSILE WEIGHT 


Missiles or missile com- 
ponents can be weighed, and 
measured for center of gravity, 
by a single unit locator. 

Intended primarily for 


continued on next page 
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See ieee 


_tor production 


smaller missiles, the design, 
about eight ft long, can handle 
missiles or components up to 
seven ft apart and weigh to 1100 
lb. Guaranteed accuracy is total 
weight to .15 lb and cg. to 
within .01 in. 

Presentation is either 
visual, printed, or both. Read- 
ings are either vertical reactions 
at two longitudinal stations or 
total weight and c.g. displace- 
ment from a predetermined ref- 
erence station. 

The device is an applica- 
tion of a resolution electro-me- 
chanical force beam developed 
in wind tunnel measurements. 

Dynametrics Corp. 


Circle 127 on postcard for more data 


ALTERNATOR FOR 
MULTIPLE USES 


A high performance mo- 
tor alternator set designed to 
meet strict requirements for 
ground power, test and missile 
ground checkout equipment has 
been developed. Relatively small 
size and low weight also make 
it suitable for air transport, 
machine tool, and laboratory. 

Alternator set can con- 
vert either variable voltage DC 
or variable voltage and fre- 
quency AC to closely controlled 
constant voltage and frequency 
AC. It is designed for 5000 
hours continuous duty with only 
normal brush maintenance. 

The set, with about 814- 
in. diam, is 25-in. long and 
weighs about 230 lb. 

General Electric Co. 


Circle 129 on postcard for more data 


peer. 


A new dividing head 
breaks down the are to within 
fractions of a second in less than 
a minute. 

The new development ob- 
tains fractional accuracies 
through a concept that consists 
of hundreds of angular-plane 
mating surfaces, making contact 
at each one of the 360° settings 
with an equal number of the 
meticulously accurate mating 
surfaces. Each time the head is 
indexed, accuracy is assured, 
not by one or two mating sur- 
faces, but by hundreds. 

Developed over a period 
of six years as the result of an 
experience with a jet engine 
ring during the Korean conflict, 
the new indexing principle in- 
cludes two 12-in. diam tables, 
one atop the other. The top 
table has a 12-in. arm extending 
from its center (providing a 24- 
in. diam check) to a fixture 
holding a jeweled contact point 


NEW PRINCIPLE AIMS AT LAB ACCURACY 


which, in turn, is connected to 
an electronic dial indicator 
graduated into millionths of an 
inch. 

In cross-checking tests, 
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To keep well informed on new 
products and production equip- 
ment, use AIRCRAFT and MIS- 
SILES MANUFACTURING'S free 
reader inquiry service. The new 
materials, components, techni- 
cal literature, and production 
equipment advertised and de- 
scribed editorially in this issue 
are numbered consecutively and 
keyed to the post cards below. 
When information is wanted, 
circle the corresponding key 
number on the post card. Extra 
cards are included for your as- 
sociates with whom you share 
your copies of AIRCRAFT and 
MISSILES MANUFACTURING. 


today for details 
and desc: ribed i in 


this issue. 


Circle item num- 
der. Fill in name, title, 
Mailitin. 


new materials and components 
new production equipment 
advertiser’s products and services 
copies of technical literature 


USE FREE CARDS 


FIRST CLASS 
Permit No. 36 


New York, N.Y. | 


BUSINESS REPLY CARD 
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P. O. Box 74, 
Village Station, 
New York 14, N. Y. 
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In order to obtain further details on items advertised or described in 
this issue, circle the key number (s) on the postpaid card and mail it. 


32 American Ordnance Association 50 Narda Ultrasonics Corp. MATERIALS 
Membership, association Equipment, ultrasonic, cleaning 

10 Apex Machine & Tool Co. 37 Nutt-Shel Co., Inc. AND COMPONENTS 
Joint, universal, anti-friction Nut, timesaver : : 

{2 Arnay Aircraft Associates, Ine. 33 Rolle Mfg. Co. Alphabetical List of Products 
Fittings, hydraulic Magnesium 101 Alloys, high temperature 

© Burgmaster Corp. 15 Sealol Corp. Allegheny Ludlum Steel Corp. 


Drill, bench model, turret 
:1 Electric Stee] Foundry Co. 
Castings, centrifugal 
tl Electro Tec Corp. 


Joints, swivel, custom-designed 102 Bleeder valve, hydraulic 
36 Sharon Steel Corp. 


Fluid Regulators Corp. 
Steels, specialty 103 Coil forms, ceramic 


Dooetihiten uted eilelitave 38 Shell Oil Co. National Company, Inc 

{9 Gear Grinding Machine Co. Lubricants, ultra-high tempera 104 Fastener, Timesaver 
Grinders, precision ’ ture ae ; Nutt-Shel Co., Inc. 

{4 Hamilton Tool Co. 19 Sonnet Tool & Mfg. Co. 105 Ferrites, electronic 
Hobbers, reat Cutters, standard ; Kearfott Co., Inc. 

16 Hunter Mfg. Co. 13 Stackpole Carbon Co. 106 Fuel control, gas turbine 
Torches, instant lighting Brushes, quick filming Pratt & Whitney Co. 

35 Le Blond Machine Tool Co., R. kh. 17 Sturtevant Co., P. A. 107 Fuel control, helicopter 
Lathes, new Manual, torque wrench Chandler-Evans Div. 

28 Magnaflux Corp. 29 Temco Aircraft Corp. Pratt & Whitney Co., In 
Systems, test Titanium 108 Hose, wire-wrap Teflon 

34 Menasco Mfg. Co. i8 U.S. Flexible Tubing Co. Aeroquip Corp. 
Process, unwieldin; Flexducts & bellows, stainless 109 Hydraulic relief valve 


Arkwin Industries Inc. 
110 Hydraulic pump, 11-cylinder 
Vickers, Inc. 


Postcard valid 8 weeks only. After that use own letterhead fully describing item wanted. JUNE 1958 an oe. a (Versilube) 
is - renera .1ectric oO. 
Please send further information on items circled below. wy 112 Potting compounds, epoxie 


'2:3 4 é7v7tée-<te$enr#wrweew.wewwse%e#?tewn. Minneapolis Honeywell 


5 
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 #39 40 113 Pressure regulator, air 
41 42 43 44 45 46 47 48 49 S50 51 52 53 54 55 56 57 58 59 60 Garrett Corp. 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 #78 #79 #80 : 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 M4 a Rooster 
101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 ear, Inc, 


121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 115 Pump, hydraulic, hydroid 


141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 Hupp Aviation Co. 


161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 . Dp 
181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 _ ~_-¥ a 
201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 9. #. Goodrich Lo. 
221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 117 Shaft seal, Teflon 
241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 Crane Packing Co. 
261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 118 Slip ring, Centrifuge 
281 282 283 284 285 2845 287 288 289 290 291 292 293 294 295 296 297 298 299 300 ike, Wilen’ itin iat dena 
p Ring Co. o merica 
119 Transducer, pressure measuring 
YOUR NAME ... ‘acebe oe ita sab ca ee Seawmeaorb eae Ultradyne, Ine. 
COMPANY ...... ; ; , aca Ta ertiaiomen a re re eee 120 Wire, electrical, Teflon coated 
High Temperature Div. 
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Alphabetical List of Companies 


108 Aeroquip Corp. 

FIRST CLASS Hose, wire-wrap Teflon 
Permit No. 36 101 Allegheny Ludlum Steel Corp. 
Alloys, high temperature 

109 Arkwin Industries Inc. 
Hydraulic relief valve 
117 Crane Packing Co. 
Shaft seal, Teflon 
102 Fluid Regulators Corp. 
Bleeder valve, hydraulic 
113 Garrett Corp. 
Pressure regulator, air 
111 General Electric Co. 
Lubricant, silicone (versilube) 
116 B. F. Goodrich Co. 
Rubber, man-made 
115 Hupp Aviation Co. 
Pump, hydraulic, hydroid 
105 Kearfott Co., Inc. 


Ferrites, ele ctronic 


New York, N. Y. 


BUSINESS REPLY CARD 


No Postage Stamp Necessary H Mailed in the United States 


POSTAGE WILL BE PAID BY 


Aircraft and Missiles Manufacturing 
P. O. Box 74, 
Village Station, 
Readers Service Dept. New York 14, N. Y. 


WORTH ASKING FOR 138 Glossary, instrumentation 
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112 


103 


104 


107 


106 


118 


119 


110 


120 


Lear, Inc. 


Pump, booster 
Minneapolis Honeywell 
Potting compounds, epoxie 
National Company, Inc. 
Coil forms, ceramic 


Nutt-Shel 


Fastener, 


Co., Ine. 
Timesaver 


Chandler-Evans Div. 
Pratt & Whitney Co., Inc. 
Fuel control, helicopter 
Pratt & Whitney Co. 
Fuel control, gas turbine 


Slip Ring 
Slip ring, 


Ultradyne, 
Transducer, pressure measuring 


Co. of America 
Centrifuge 
Inc. 


Vickers, Inc. 


Hydraulic 


pump, 11-cylinder 


High temperature Div., 
Western Insulated Wire Co. 


Wire, electrical, Teflon coated 


NEW FOR PRODUCTION 
Alphabetical List of Products 


121 Balancing machine, dynamic 


Tinius Olsen Testing Machine Co. 


Counter, electronic 

Lavoie Laboratories, Inc. 
Dividing head, arc measurement 
A. A. Gage Co. 


Engraver, 


column type 


Franz Kuhlmann KG 
Gage head, sealed 

Federal Products Corp. 
Gaging Machine, for holes 
The Sheffield Corp. 


Locator, w 


eight and c.g. 


Dynametrics Corp. 

Milling machine, automatic 
Pratt & Whitney Co., Inc 
Motor alternator 


General E] 


ectic Co. 


Production table, circular 
The Dumore Co. 
Turret drill, floor model 


ee 
Burgmaste 


or Corp. 


Alphabetical List of Companies 


131 Burgmaster Corp. 
Turret drill, floor model 


) The Dumore Co. 


Production table, circula: 
Dynametrics Corp. 


Locator, Ww 


reight and c.g. 


Federal Products Corp. 

Gage head, sealed 

A. A. Gage Co. 

Dividing head, are measurement 
General Electric Co. 


Motor 


Ir aive 


rnator 


Franz Kuhlmann KG 


Engraver, 


column type 


22 Lavoie Laboratories, Inc. 


Counter, e 


lectronic 


Tinius Olsen Testing Machine Co. 


Balancing 


machine, dynamic 


Pratt & Whitney Co., Inc. 
Milling machine, automatic 
The Sheffield Corp. 


Gaging m 


achine, for holes 
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WORTH ASKING FOR 138 Glossary, instrumentation 


Trans-Sonics, Inc. 


Alphabetical List of items 139 Label embosser, portable 
: ar 7 Dymo Corp. 

132 Amplifiers, I.F. 135 os ge — 140 Lithium hydride, properties 

Lel, Inc. Ernest F. Denley'’s Sons, in: Foote Mineral Co 

ay ; 136 Clinch nuts, types of PAP ig 
133 Brazing, manual of Elastic Stop Nut Corp. of 141 Materials Handling 

All-State Welding Alloys Co eo : National Vulcanizing Fibre Co 
7 a ' America a 142 Milling, Chemical 
134 Brush Beryllium, facts 137 Data sheet, guided missile  % al 

The Brush Beryllium Co. LaSalle Steel Co. Anadite, Inc. 


_ _ 143 Plants, rectification 
Superior Air Products Co. 
144 Pressure pickups, subminiatur< 
Consolidated Electrodynamics 
Corp. 
145 Production, description 
Janitrol Aircraft Div., Surface 
Combustion Corp. 
146 Properties, investment cast 
Haynes Stellite Co. 
147 Relays, uses of 
Comar Electric Co. 
148 Rivets, high temperature 
Deutsch Fastener Corp 
149 Samplers, air 
The Staplex Co. 
150 Sleeving and Tubing 
Birnbach Radio Co. 
151 Steel fabricating, cast alloys 
Alloy Casting Institute 
152 Transformer, variable 
The Superior Electric Co 
153 Welding, Titanium 
Titanium Metals Corp. of 
America 
Alphabetical List of Companies 
151 Alloy Casting Institute 
Steel fabricating, cast alloys 
FIRST CLASS 133 All-State Welding Alloys Co 
PERMIT No. 18 Brazing, manual of 
142 Anadite, Inc. 
Philadelphia 39, Pa. Milling, chemical 


150 Birnbach Radio Co. 
BUSINESS REPLY CARD 
No Postage Stamp Necessary if Mailed in the United States 


Sleeving and tubing 
—POSTAGE WILL BE PAID BY— 


FIRST CLASS 
PERMIT No. 18 


Philadelphia 39, Pa. 


| BUSINESS REPLY CARD | 
No Pestage Stamp Necessary if Mailed in the United States 


—POSTAGE WILL BE PAID BY— 


Aircraft and Missiles Manufacturing 


CHESTNUT & S6TH STS. 
PHILADELPHIA 39, PA. 


134 The Brush Beryllium Co. 
3rush Beryllium, facts 
147 Comar Electric Co. 
Relays, uses of 
144 Consolidated Electrodynamics 
Corp. 
Pressure pickups, subminiaturé 
148 Deutsch Fastener Corp. 
Rivets, high temperature 
135 Ernest F. Donley’s Sons, Inc 
Chart, wall 
139 Dymo Corp. 
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the electronic indicator dial has 
demonstrated the equivalent of 
1 10 see accuracy. 

A A Gage Co. 
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NEW GAGING SYSTEM 
An electronic 
precision 


system of 
measurement 
small hermetically sealed gage 
head, whose unique method of 
electromagnetic 
vides unusual 
bilities. 
Amplitude of the 
tinuously produced — electronic 
signal maintains such exact lin- 
ear relationship to 


uses a 


operation 
operating 


pro- 
capa- 


con- 


contact 


te odmal 


movement that available elec- 
trical instruments have not had 
sufficient sensitivity to measure 
the error. Linear output is 
available over an exceptionally 
wide range of contact travel 
(.030 in.). Electrical and me- 
chanical sensitivity is capable of 
providing magnifications and 
accuracies exceeding present 
precision gaging requirements. 

The head, measuring ap- 
proximately 1! in. x 2!% in. x 
14 in., can be used with various 
types of contacts and contact 
mountings, depending on the 
overall accuracy required and 
can be operated with several 
types of amplifiers according to 
needs. Gage heads are inter- 
changeable and may be em- 
ployed jointly or in rapid succes- 
sion by switching. 


continued on next page 
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BRUSHES 


THE FIRST COMPLETE LINE 
FOR HIGH ALTITUDE SERVICES 


Electrographitic, Carbon-Graphite, 
Metal-Graphite, Treated Copper-Graphite 
and Treated Silver-Graphite grades for 
maximum performance on all types of 
equipment with no sea level filming run. 
Send letterhead request for Bulletin 21. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


BRUSHES for all rotating electrical equipment e ELECTRICAL CONTACTS e 
BEARINGS e GRAPHITE CHEMICAL ANODES e GROUNDING ANODES e 
POWER TUBE ANODES e SEAL & CLUTCH RINGS e VOLTAGE REGULATOR 
DISCS e HEATING ELEMENTS e FRICTION SEGMENTS e CERAMIC MAGNETS 
e@ FERROMAGNETIC CORES e FIXED & VARIABLE RESISTORS @ WELDING 
CARBONS . . 


« and many other carbon, graphite and metal powder products. 


Circle 43 on Inquiry Card, page 65 
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- gms) permits using the gage 
head on any type of convention- 
al test stand, comparator base 


oie 4 c 5 : 

—— \ ® : or holding fixture without dan- 

for production — s ger of inaccuracy due to deflec- 
; a tion of posts or arms. 


Federal Products Corp. 


Circle 125 on postcard for more data 


Transistor operation per- VERTICAL MACHINE 
mits the unit to be completely BALANCES JET PARTS 
independent of external power. For dynamically balancing 
Extremely light but positive jet engine turbines and com- 
gaging pressure (less than 5 pressors to within extremely 


ON ale ea ae sab lem 


‘we PRODUCTION vou: ever want 


BUT MY WORK INCLUDES 
THE MANUFACTURE OF 


| KNOW! 
AND YOU CANNOT 

POSSIBLY BUY A BETTER 

MACHINE FOR THE JOB 


GEAR SECTORS 


Pt age 
Ps 
and FACE GEARS 


-_ Vy 


@ 


INVESTIGATE IT! 
YOU'LL SEE! 


2’ 


a for our gear hobber >> 
literature packet No GH-740 


email in 


PRECISION SMALL-GEAR HOBBING MACHINE 


THESE ARE REPRESENTATIVE USERS OF HAMILTON GEAR HOBBING EQUIPMENT 


AiResearch Manufacturing Co. * Duncan Electric Co. * Bendix Aviation Corp. * Victor Adding Machine Co. * lear, Co 

Minne Honeywell Regulator Co. * Geophysical Machine Works * Hughes Aircraft Co. * Westinghouse Electric Corp 

“PR well Mete * Borg Products Division * Herschede Holl Clock Co. * U.S. Novy Electronics Laboratory * Redstone 

Ars . wood & Son Machine Co. * Link Aviation, Inc. * Bell Aircraft * General Mills * Elgin National Watch Co 

e tory * Grimes Man ng Co. * Texas Instruments Inc. * McDonnell Aircraft Co. * Americon Machine 
! Cc 


o. ° Hom ton Standard * U.S. Gouge Co * Western Gear Works * Schlumberger Well 


ae teas EE Gs’ seve saurt’ sants' > Gaonses. care” 
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close limits, the Type JDV-1000 
Vertical Dynamic Balancing Ma- 
chine has been announced. 


Machine accommodates 
jet engine components up to 55 
in. diam 90 in. length and 1000 
lb. Parts can be balanced to 
within .0000145 in. displace- 
ment at the bearings. The 
amount and angle of unbalance 
in both planes of correction are 
accurately determined by means 
of a highly sensitive electrical 
compensating system. Operator 
can determine unbalance with- 
out stopping the machine by us- 
ing two sets of controls. 
Tinius Olse 
Testing Machine Co. 


Circle 121 om postcard for more data 


ELECTRONIC COUNTER 
FROM LAVOIE LABS 


| 
| 


An electronic counter has 

been designed to provide the 

| highest reliability, long life po- 
| tential, and utilization of in-line 
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eight-place Nixie read outs of 
measured frequency or time in- 
tervals. The frequency range is 
from 10 cycles to 10 megacycles 
and the range of time intervals 
is from one microsecond to 100 
days. 


Giving increased _ per- 
formance and greater flexibility, 
the unit is designed to meet mili- 
tary requirements. It has sim- 
plified circuitry, controlled re- 
set, automatic decimal point and 
temperature stability. High re- 
liability is assured by a new con- 
cept in circuit design, utilizing 
magnetic beam switching tubes 
us decade dividers and scalers. 

There are additional 
plug-in units available to in- 
crease the flexibility of the unit 
including frequency converter 
units, video amplifiers, extended 
time base units, relay test units 
and digital recorders. 

Lavoie Laboratorie s, Ine. 


Circle 122 on posteard for more data 


GAGING MACHINE FINDS 
HOLES IN PRECISION PARTS 


A precision gaging ma- 
chine determines precise loca- 
tion of holes in precision-made 
parts such as bearing plates, 
and instrument stacks. 
the Preci- 
Hole Coordinate Mea- 
suring Machine, the gage con- 
sists of a heavy cast base on 


Designated 
sionaire 


which is mounted a _ serrated 
worktable adjustable through 
both horizontal planes. Above 


the table is an overhanging arm 
that has a “Center-find” pickup 
stylus connected to a column in- 
strument which amplifies and 
indicates gage reading. 

The worktable is set to 
calibrated dimensions in both 
planes by gage blocks and mi- 
crometers. The four-in. diam 
barrel micrometers have one-in. 
gaging range and are graduated 
in ten millionths. 

The Sheffield Corp. 


Circle 126 on postcard for more data 
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PANTOGRAPH 
SUPPORT 
HORIZONTAL 
PANTOGRAPH 
os 
DRIVE -—G 


ENGRAVING 
HEAD 


WORK TABLE 


CROSS FEED 


VERTICAL FEED 


STAND 


BASE PLATE 


sale — ’ 
: — Nae 
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TEMPLATE TABLE 
MOTOR 


~ CUT-OUT SWITCH 


’ LONGITUDINAL 
FEED 


VERSATILE ENGRAVING MACHINE 


A column type engraving 
machine of the two dimensional 
principle supports engraving 
head by a steering mechanism 
underneath the pantograph. 
The movement of the head is 
controlled by the _ horizontal 
pantograph. The _ regulating 
slide is fitted above a pin which 
meshes with a_ ball bearing 
above the head. 

The ratio of the panto- 


TOOLING COMPONENTS 


A new Circular Produc- 
tion Table Assembly provides 
mounting space for up to six 
tooling components for small 
parts machining in automatic 
production. 


Table can be manually 
turned for fixture positioning. 
With a 27!,-in. column, and a 
clamp for holding table and base, 
it permits a variety of fixturing 
and set-up to solve single or 
multiple drilling, tapping, fac- 
ing, chamfering and similar ma- 
chining operations on long or 
short runs. 


Shown are the Dumore 
Circular Production Table As- 


June 1958 


PULTE amen eee ee 


graph adjustment can be 
changed from 1:1 to 1:100 ac- 
cording to a table on the ma- 
chine, achieving desired reduc- 
tions by means of one template. 
Total lengths of the 
steering arms for the engraving 
head are adjustable. Panto- 
graph support swivels around 

precision bearing. 
Franz Kuhlmann KG 


Circle 124 on postcard for more data 


MOUNTED ON STAND 


sembly and a typical set-up with 
three Dumore Series 28 Auto- 
matic “Drill-N-Tap” units nose 
mounted, with simple brackets. 

The Dumore Company 


Circle 130 on postcard for more data 
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GUSTAV 0. HOGLUND, head 
of the welding section of the 
Aluminum Co. of America Proc- 
ess Development Laboratory, 
has been elected president of 
the American Welding Society. 


WARREN C. HANSEN has 
been appointed manager of the 
new Washington office of Ellis 
and Watts Products, Inc., Cin- 
cinnati, O. 


EDWARD J. FORISCH has 
been appointed to the staff of 
Wm. C. Whitehead, president of 
Aerol Associates. 


THOMAS F. D’ANDRADE has 
been appointed national sales 
manager for the Components 
Div., Fairchild Controls Corp., 
Hicksville, N. Y. 


FRED 0. DRAPER has been 
appointed supervisor of produc- 
tion and supply for Republic 
Aviation Corp.’s Helicopter Div. 


J. H. OVERHOLSER is presi- 
dent of the Hydrodyne Corp.., 
newly-formed for the manufac- 
ture of fluid control products. 

ROBERT T. SKINNER is 
executive vice president of 
Hydrodyne. 
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he move - 


MARVIN B. RUFFIN has 
been named vice president and 
general manager of Chicago 
Aerial Industries, Inc., Melrose 
Park, Ill. 


STANLEY E. HUFFMAN, 
JR., has been appointed to the 
new position of manager of sales 
for the press division of E. W. 
Bliss Co. 


WALTER K. DEACON is new 
chief engineer, Torrance Plant, 
Aero Hydraulics Div., Vickers 
Inc. 


EARL R. SKAGGS has been 
appointed executive vice presi- 
dent of Townsend Engineered 
Products, Inc., Santa Ana, Calif. 


HARRY H. WETZEL has 
been named manager of The 
Garrett Corp.'s AiResearch 
Manufacturing Div., Los An- 


geles. 


H. H. CLARKE, JR., has 
been elected president of Dyna- 
Therm Chemical Corp., former- 
ly called Ideal Chemical Prod- 
ucts Inc., Culver City, Calif. 

GEORGE JOYCE was elected 
executive vice president of 
Dyna-Therm. 


Se 


GUSTAV O. HOGLUND 
Alcoa 


WARREN C. HANSEN 
Ellis & Watts 


J. H. OVERHOLSER 
Hydrodyne 


5 
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GEN. JAMES M. GAVIN as- 
sumed duties as vice president 
of Arthur D. Little, Inc., Cam- 
bridge, Mass., on June 1. The 
former Chief of Research and 
Development for the Army was 
also elected a director of the 


firm. 


Cc. GOULD WHEELER 
named manager of material con- 
trol for the team supervising the 
ballistic missile radar system 
subcontracted to General Elec- 
tric. 


Was 


W. RALPH WILCOX Was 
named manager of manufactur- 
ing control. 

MICHAEL R. DE LALLO was 
named manager of Missile De- 
tection Systems Administration. 

RICHARD W. 


COUCH Was 


appointed project manager for 
the Air Force’s Ballistic Missile 
Early Warning System 
data 
at Sylvania 
division of 
Electric Products Inc. 


(BMEWS) 
project 
Systems, 


processing 
Electronic 
Svlvania 


A. E. THIESSEN, vice presi- 
dent, General Radio Co., Cam- 
bridge, Mass., was elected 
SAMA (Scientific Apparatus 
Makers Asso.) Industrial Instru- 
ment Section chairman. 

SIDNEY STARK 
appointed operations manager 
for the Army’s new Pershing 
missile at the guided missile and 
electronics center of the Martin 
Co. in Orlando, Fla. 

DR. HENRY M. WATTS has 
been named chief engineer. 


has been 


HUBERT BENNETT has 
been appointed assistant direc- 
tor, Applications Engineering 
Dept., and coordinator of field 
engineering for McCormick 
Selph Hollister, 
Calif. 


Associates, 


FRANK L. SPENCER was 
appointed assistant manager of 
engineering program develop- 
ment for the Technical Products 
Div., Waste King Corp., Los An- 


eles. 
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GEORGES L. PANNIER has 
been appointed consulting engi- 
neer for the Metallizing Co. of 
Los Angeles, Inc. 


GEORGE H. HAUSER has 
been appointed assistant to the 
president of Republic Aviation 
Corp. niceties 
H. LEE BRANDENBURG has 
been named manager of the 
Greenville, Mich., operation of 
Hupp Aviation Co. 


DAVID MacMORRIS_ will 
represent Sundstrand Turbo in 
the firm’s new eastern office in 
Washington, D. C. 


M. MARK WATKINS has 
been appointed president of 
Conoflow Corp., Phila. 

JOHN C. KOCH has 
appointed executive vice presi- 
dent of Conoflow. 


been 


EDWIN A. RANEY has been 
appointed manager, Dynamics 
Div., Wyle Research Corp. 


RICHARD L. ENGLE has 
been named manager of Allis- 
Chalmers Industries Group Pa- 
cific Region. 


CHARLES W. BAKER, Los 
Angeles, has been promoted to 
assistant general sales manager 
for Chase Brass & Copper Co. 
He had served as western re- 
gional manager since 1952. 


ROBERT A. WILSON has 
joined Exide Industrial Div., 
The Electric Storage Battery 
Co., Phila., in the new position 
of assistant to the missile prod- 
ucts manager of the Missile Ap 
plications Dept. 


CHESTER W. LARSEN 
named general manager of 
Greenleaf Manufacturing 
St. Louis. 


STANLEY C. PACE, 
tant manager of the newly- 
formed Tapco Group, for 
Thompson Products Inc., was 
elected a vice president at the 
firm’s meeting of shareholders. 
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Metallizing Co. of Los Angeles 


EDWIN A. RANEY 
Wyle Research 


ROBERT A. WILSON 
Exide 
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Measurement Glossary 
A 20-pg. pocket size glos- 
sary, illustrated, explains terms 
frequently used in pressure and 
temperature instrumentation. 
Trans-Sonics Inc. 


Circle 138 on posteard for more data 


Sleeving and Tubing 
Comprehensive catalogue 
T-58 of Biraco, Birflon, and Bir- 
fiex sleeving and tubing includes 
price and stock sheets with 
cross reference chart. 
Birnbach Radio Co. 


Circle 150 on postcard for more data 
Variable Transformer 
The 100-pg. 


varlable transformer 
P258G 


Powerstat 
Bulletin 
reference 
manual-catalog. It covers prod- 
uct information, 


serves aS a 


engineering 
data, outline drawings, connec- 
tions, ratings, charts and illus- 
trations on all standard 50/60 
cycle Powerstats plus some spe- 
cial use types. 

The Superior Electric Co. 


Cirele 152 on postcard for more data 
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Chemical Milling 
Illustrated 30-page color 
brochure on chemical milling 
and metal finishing describes 
advantages and engineering ap- 
plications of process. 
Anadite Ine. 


Circle 142 on postcard for more data 


Beryllium Metal 
A 24-page 
booklet, ‘Facts 
QMV Beryllium.” 
The Brush Beryllium Co. 


Circle 134 on posteard for more data 


illustrated 
About Brush 


Rectification Plants 

Rectification plants for 
producing oxygen and or nitro- 
gen in liquid or gaseous 
are described in a new cata- 
logue. Station Pumps with va- 
porizers and storage and con- 
verter tanks for liquid oxygen, 
hydrogen and argon are also il- 
lustrated and described. 
nical data is included. 

Superior Air Products Co. 


Circle 143 on postcard for more data 


form 


Tech- 


Aircraft and 


Missiles Manufacturing °¢ 


Label Embosser 

Applications and tape 

of portable labeler ideal 

for identifying repair jobs are 

summarized in brochure. 
Dymo Corp. 


Circle 139 on posteard for more data 


prices 


Subminiature Pressure Pickups 
Features of pressure 
pickups under physical abuse as 
in missile flight are given in 

bulletin kit. 
Consolidated Electrodynamics 
Corp. 


Circle 144 on postcard for more data 


Brazing Data 
Illustrated data aimed at 
the service trades simplifies as- 
pects of metal joinery. Titled 
“Brazing Manual,” it aims at 
self-instruction or on-the-job 
training. 
All-State Welding Alloys Co. 


Circle 133 on postcard for more data 


Materials in Motion 
Meeting materials han- 
dling problems for industry is 
subject of new catalogue. 
National Vulcanized Fibre Co. 


Circle 141 on posteard for more data 


High-Temperature Rivets 
A new eight-page catalog 
illustrates uses of high tempera- 
ture, high-strength drive-pin 
blind rivets. Illustrated, and in- 
cluding specifications and appli- 
cation notes, it serves as a guide 

in aircraft applications. 
Deutsch Fastener Corp. 


Circle 148 on pestcard for more data 


Missile Facts 

Eight page guided mis- 
sile data sheet lists all missiles 
for the Air Force, Army and 
Navy by name and purpose up 
to February 10. It gives names 
and addresses of prime contrac- 
and component 
tractors. 


tors sub-con- 


LaSalle Steel Co. 


Circle 137 on postcard for more data 


June 1958 
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ET 
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Titanium Welding Techniques 
“Titanium Welding Tech- 
niques,” comprehensive evalua- 
tion of successful welding meth- 
ods, is available. 
Titanium Metals 
Corp. of America 


Cirele 153 on posteard for more data 


Amplifiers 
Cardboard - bound 1958 
catalogue describes general uses, 
mechanical construction, and 
electrical data of I. F. amplifiers 
for radar and guided missile ap- 

plications. 
Lel, Ine. 


Circle 132 on postcard for more data 


Relays 


Operating data, dimen- 
sions, general uses of standard 
basic designs of relays are given 
in 35-page illustrated catalogue. 

Comar Electric Co. 


on postcard for more data 


Cirele 147 


Air Sampler 
Line of air samplers de- 
scribed in brochure includes one 
testing hazardous 
hausted during tests of 

and missile propellants. 
The Staples Co. 


Circle 149 on postcard for more data 


eX- 


\ 


matter 


. | 
rocket 


Temperature Conversions 
A pocket-size low tem- 
perature conversion table gives 


conversions including degrees 
Celsius to degrees Fahrenheit 
and Kelvin from absolute zero 
te O°C. 


Tra ns-Sonies Jive. 


Circle 138 on postcard for more data 


Wall Chart 
A wall chart answers 
problems in cold cutting of 


metal. Chart is divided into four 
major sections listing problems 
with subsidiary segments pro- 
viding solutions. 

Ernest F. Donley’s Sons, Ine. 


Circle 135 on posteard for more data 


Aircraft and Missiles Manufacturing 


Cast Stainless Steels 


welding and heat treating cast 
corrosion resistant and heat re- 
sistant high alloys are digested 


Lithium Hydride 

Properties and uses of 
Lithium Hydride with bibliog- 
raphy are given in revised data 


Details on machining, 


sheet. 


in a six-page folder ; specific Foote Mine ral Co. 
numerical data covers each of Circle 140 on pesteard for more date 


fourteen cast corrosion resistant 


alloys, and 
resistant alloys. 


Stee! Properties 


scribes 
ties of stainless steel types 310, 


Cirele 151 on posteard for more data 


Janitrol 
An 80-pg. book describes 
full activities, equipment, back- 
ground of aircraft firm. - 
Janitrol Aircraft Div. 
Surface Combustion Corp. 


Circle 145 on postcard for more data 


fourteen cast heat 


Alloy Casting Institute 


Self-Locking Clinch Nuts 
Illustrated handbook, De- 

sign Manual 5803, reviews 

standard and miniature types of 


A 40-page booklet de- 


investment-cast proper- 


316, 347, 410, 431 low-carbon, clinch nuts for the avionic, elec- 
431 high-carbon, and 440C, low tronic and electrical equipment 
alloy steels 4130, 4140, 6150, industries. 


and Haynes 1000 steel. 


Elastic Stop Nut 
Corp. of America 


Circle 136 on postcard for more data 


Haynes Stellite Co. 


Circle 146 on postcard for more data 


SEALOL 


‘ pee 
swivel —_ 
joints —* 


10 inch-pounds 
swiveling torque at 3000 PSI 


Military Specification MIL-J-5513A allows 120 inch-pounds of 
torque on swivel joints like that shown. In both Type I and Type II 


Systems, the extremely low swiveling torque (10 inch-pounds at . = 
3000 PSI) of these Sealol units makes more hydraulic power Wa 
available for the service intended. All Sealol Aircraft Swivel Joints <' J 


are designed to meet and exceed your most exacting specifications 
. . . for minimum torque and maximum leak-free life. Ask us to 
prove it! 


TYPICAL 
CUSTOM- 
DESIGNED 
SEALOL 
SWIVEL JOINTS 


SEALOL CORP 


menind, 


426 Post Rd., Providence 5, R. I. Company 
[ ] Please send Bulletin 15 
saa Street 
C] My problem involves PSI 
F Media City State 


saa  a ehnnt-s-iete e h iiiaiadinaall 


June 1958 
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FRENCH-DESIGNED STATOPLAN FOR PRIVATE FLYING 


A relatively cheap ap- 
proach to the STOL aircraft 
problem is the tandem wing air- 
craft designed by a French en- 
gineer, M. Gatard. Two dif- 
ferent designs using his prin- 
ciple have appeared, and a third 
is under construction. For rea- 
sons of economy both the Stato- 
plan types 01 and 02, as they are 
known, have been small air- 


_ 
craft. The first was intended : . = ] 
“oly for soseare x. Panes = te i ig pe Ae tlie ars 
purely for research, W hile ty pe ree SN ya — | 
02 has been designed with an eiiatiaaeear eet 
eye to the do-it-yourself market To make the principle methods of control are used. 
which is very strong in France. work, slightly unconventional The front wing is hinged 


MAIDEN FLIGHT FOR F-27 


Fairchild’s F-27, 40-passenger propjet airliner, on its 
1aiden flight. Ninety-three F-27’s have been ordered and the first 
delivery will be made to West Coast Airlines (serving the Pacific 
Northwest) late this month. 

Powered by two Rolls-Royce Dart propjet engines, the F-27 
is first twin-propjet transport in U. S. 


76 


about its aerodynamic center. 
Longitudinal control is pro- 
vided by linking this directly) 
with the stick so that fore and 
aft movement varies the lift. 
The rear wing moves as a single 
unit, i.e., it has no control sur- 
faces upon it. Slow speed flying 
is effected with both wings giv- 
ing positive lift. To touch down 
during landing, the stick is 
pulled back to stall the front 
wing and allow sink; the rear 
wing is not stalled and still car- 
ries a fraction of the load and 
so the rate of sink is always 
slow. 

The Statoplan employs 
a cambered rear wing with an 
area about 25 per cent of the 
main wing. Slotted flaps along 
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the entire main wing trailing 
edge are connected to the stick 
so that lift control is provided 
by variation of the wing cam- 
ber. The rear wing is intercon- 
nected with the flaps to provide 
pitching equilibrium threughout 
their range of movement. Full 
differential flap action is always 
available for lateral control. 

camber, rather 
than angle of attack, controls 
the flight path, the fuselage 
datum remains nearly horizon- 
tal throughout the speed range. 
At maximum lift the fuselage 
datum of the 02 is at more 
than 4° to the horizontal, there- 
fore good forward visibility is 
always available, and body drag 
is minimized. For larger air- 
craft this would mean a short 
landing gear with a consequent 
reduction of drag and weight. 
while floors would be 


Because 


no 


nearly 
level for loading purposes. 
Air foil sections em- 
ploved are of the NACA 230 
series with the main wing em- 
ploying a 12 per cent envelope 
and the rear wing a 10 per cent 
envelope. Clean construction 
has been used to enhance lami- 
nar flow and to this end the sec- 
tions have been modified to have 
a smaller leading edge radius. 
Construction is mainly of wood 
vith metal cowlings and under- 


carriage. 


LYCOMING TO PRODUCE 
HELICOPTER GAS TURBINE 


The first military 
tract for major production of a 
helicopter gas turbine engine 
has been announced by Lycom- 
ing Div., Aveo Manufacturing 
Corp. 


con- 


Expected to total approx- 
imately $10 million, the Air 
Force-Army contract calls for 
delivery of Lycoming T53-L-1 
engines starting January, 1959. 
A contract has already been re- 
ceived for $3 million of the 
amount. The engines are sched- 
uled for use in two helicopters, 
the Army Bell HU-1 Iroquois, 


Aircraft and Missiles Manufacturing 


utility helicopter, and the Air 
Force H43B crash rescue heli- 
copter. 

The 825 eshp T52 engine 
has also been successfully flown 
as a twin engine installation in 
the Vertol Mode] 105, a modified 
H-21 “Flying 

In addition, the engine is 
installed in three VTOL STOL 
vehicles currently undergoing 
initial flight testing for Army 
evaluation by Vertol, Ryan and 
Doak aircraft companies. A new 
turboprop version of the T53 
has been selected by the Army 
to power the Grumman AO-1 
Mohawk observation aircraft. 


Janana.”’ 


ELECTRA CHOSEN 

FOR ANTI-SUB WARFARE 
The Navy 

Lockheed’s) Electra 

aircraft use in 

marine warfare. 


has chosen 
turboprop 
for anti-sub- 

Choice of the Electra 
came after an extensive evalua- 
tion study comparing several 
planes, according to Rear Ad- 
miral Robert E. Dixon, Chief of 
the Bureau of Aeronautics. 

All the aircraft 
ered had been previously devel- 
oped either for commercial or 
military Admiral Dixon 
stated that such “off the shelf” 
procurement will save time and 
money in ultimate delivery to 
naval operating forces. A com- 
mercial version of the Electra 
will enter service with the air- 
lines this fall. 

The Electra found 
closest to Navy requirements 
for a land based ASW aircraft. 
A research and development 
contract with the Lockheed 
Corp. for a “mock up” model 
and further outfitting study will 
follow shortly. 


consid- 


use. 


Was 


Electra will be powered 
by four Allison T-56 turboprop 
engines, will carry a crew oi 
ten, and will be equipped with 
latest instrumentation for the 
detection and destruction of 


coutinued on next page 
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HUNTER 
INSTANT LIGHTING 
TORCHES 


for military 
applications at 
sub-zero temperatures 


= 

@ developed in co-ordination with 
Engineer Research and Development 
Laboratories, Ft. Belvoir, Va. 

® unpowered, open flame burners 
— lighted instantly with a match at 
temperatures down to —90°F. 

@® burn any type gasoline or JP-4 
fuel. 

@ for a wide range of sub-zero, spot 
heat applications: small engine start- 
ing; start-aid for bulldozers, snow 
plows, earthmovers, special-purpose 
equipment; de-icing bogie wheels, 
tracks, heavy-duty control equip- 
ment, etc. 

® capacities: 15,000 to 200,000 
BTU/Hour at variable pressures. 
Other Hunter military equipment: 
space and personnel heaters; engine 
» heaters; refrigeration units. 


for complete 
specifications 
and details 


MH-167 “Hunter 
Instant Lighting 
Torches” 


MH-166 “Hunter 
Engine Heaters” 


a MH-162 “Hunter Space 


and Personnel Heaters’ 
30537 AURORA RD. 


HUNTER i2.c%5 


HEATING AND REFRIGERATION SYSTEMS 
Circle 46 on Inquiry Card, page 65 
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enemy submarines. It will even- 
tually replace the famous P2V 
Neptune series of Navy ASW 
aircraft which has had the long- 
est lifespan of any military air- 
craft built by Lockheed, dating 
to 1944, 


THE THREE W’s 


Who buys what, and 
where, in the government? 

The Small Business Ad- 
ministration answers the ques- 
tion in a new 106-page direc- 
tory. Entitled the “U. S. Gov- 
‘rnment Purchasing and Speci- 
fications Directory,” it lists 
agencies, sources of specifica- 


tions, and buying procedures. 


crew Torque Data 
Adar er Problems 


Circle 47 on Inquiry Card, page 65 
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COMMERCIAL JET ENGINE 


The CJ-805, GE’s contri- 
bution to the commercial jet 
engine boom, is moving into its 
second testing stage this month 
after successfully completing its 
initial 150-hour flight test. 

After 25 days of flights 
in a leased Douglas XF4D Sky- 
ray, tests with the first, proto- 
type, model of the CJ-805 were 
discontinued. They resume this 
month with a version incorpo- 
rating several design refine- 
ments. 

The first tests reached 10 
hours per day utilization rate. 
No engine adjustments were 
necessary over the test period. 

The CJ-805 is shown be- 
ing installed in the Skyray at 
the GE Flight Test Center at 
Edwards Air Force Base. 

Test pilots report com- 
pletely satisfactory engine per- 
formance. Current plans are to 
exceed a 100 hr per month util- 
ization rate with the XF4D by 
the end of the year. 

The XF4D is the same 
aircraft which was used for the 
first flight of the firm’s J79 en- 
gine in December 1955. This 
marked the first time an engine 


manufacturer flew an engine as 
a prime mover before turning it 
over to the airframe builder. 
GE is also offering the 
jet engine with an aft-fan com- 
ponent which improves cruise 
fuel economy by about 10 per 
cent and take-off 
thrust about 35 per cent. The 


increases 


jetliner version is designated 
the CJ-805-21. 

The new component has 
been found most valuable in the 
Mach .80 to Mach .90 speed 
range which may be used by 
commercial jetliners and mili- 
tary tankers for many years to 
come. Added to the rear of the 
basic gas generator of the 
straight jet, the component is a 
single stage, free fan. Turbine 
discharge air from the basic en- 
gine drives it as it compresses 
by-pass air ducted from _ the 
engine. 


AIR-TO-SURFACE BULLPUP 
FOUND ACCURATE 

The Navy reports that 
its air-to-surface “Bullpup” mis- 
sile is proving highly accurate 
in tests with a Pacific fleet. 
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Being produced at Mar- 

tin’s Orlando, Fla., plant, the 
missile is fired from specially- 
equipped planes to support 
ground troops. 
Launched far from the 
and out of range of 
ground fire, Bullpup has been 
found more effective than stand- 
ard dive bombing. It is 11 ft 
long and weighs 600 Ib. 


turget 


LARGE INDUCTANCE COIL 
USED FOR MISSILE STUDY 


An inductance coil with 
119 in. diam helps supply energy 
for Tunnel Hotshot II, special 
facility near Tullahoma in aero- 
dynamics and aeronautics. 

The coil, largest in the 
world, was designed and built at 
Westinghouse Electric 
transformer division, Sharon, 
Pa. Wound with 36 &850-mcm 
cables in parallel, it supplies en- 
ergy to an electric arc tunnel. 
After contacts in series with the 
coil are opened, air in the are 
chamber is heated to 40,000 de- 
grees F and pressure reaches 
30,000 psi. Hot gas is released 
through the test section at 32,- 
400 mph. 

Maintained in the Gas 
Dynamics Facility of the Arnold 
Enginering Development Cen- 
ter, Hotshot II studies such 
problems as re-entry of a mis- 
sile into the atmosphere. 


Corp.'s 


TWO ICBM SITES 
ANNOUNCED FOR SAC 


The Department of 
has announced plans to 
construct two ICBM sites for 
Strategic Air Command, one in 
the Offutt AFB, Omaha, area: 
the other in the Fairchild AFB, 
Washington, area. 
Construction cost 
site is estimated at 
million. Work is scheduled to 
start in late summer or 
fall of this year. 
Approximately 750 per- 
sonnel will be assigned to sup- 


De- 
fense 


for 


each $25- 


early 


Aircraft and Missiles Manufacturing 


port and operation of each mis- 
sile activity. 

Technical design of the 
missile facilities will be under 
control of the Air Force Ballis- 
tic Missile Division, Inglewood, 
California. Other aspects of the 
design and all construction will 
be accomplished through the 
Corps of Engineers, Dept. of the 
Army, acting as the Air Force 
construction agency. 


MACHINING ROCKET PARTS 
Rocket Propellant Cham- 
ber rear case assembly receives 


tracer controlled contour ma- 
chining at United Aero Prod- 
ucts Co., Burlington, N. J. Work 
piece, an extremely tough heat- 
treated forging, demands con- 
tour accuracy of less than 0.005 
in., plus satin smooth finish to 
eliminate risers. Com- 
pany uses carbide tooling and 
airgage tracer control, machin- 
ing at a speed of 350 sfpm and 
0.0052 ipr feed. 


stress 


AIRCRAFT TEMPERATURE 

The National Bureau of 
Standards has developed a re- 
mote control recorder for study- 
ing temperature distribution 
and its variation with time, 
over the “skin” of an aircraft. 

The instrument can re- 
cord readings of 96 thermocou- 
ples in six seconds. After a 
recorder switch is set for auto- 
matic operation, thermocouple 
terminals are connected to cali- 
brated meters whose dials are 
photographed on 16 mm movie 
film. 


June 1958 


STAINLESS 


FlexDucts & Bellows 


© which handle high tem- 

perature corrosives 

¢ which withstand drastic 

pressure changes, vibration 
& sinuous 


a alignment 
> at 


... designed 
- j , and fabricated 
<_ . by U. S. Flex 


al 


Write for 
technical 
data 


v2 > 

Vim Se 

U. S. FLEXIBLE TUBING CO. 
213 MAIN STREET BARTLETT, ILLINOIS 
Circle 48 on Inquiry Card, page 65 
iV 


an 


ZSEeue 


; 
a 


standar 


port 
contours 


One pass completes all 
operations necessary to 
produce the port con- 
tour. Job time cut as 
much as %! All have 
carbide cutting edges 
for long life, smooth 
finishes. Available in all 
sizes. Write for prices. oe 
Circle 49 on Inquiry Card, page 65 
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INDUSTRY 
STATISTICS 


Source: Bureau of the Census and Civil Aeronautics Administration. 


VALUE OF NET SALES AND BACKLOG OF COMPLETE AIRCRAFT, AIRCRAFT ENGINES, AND PROPELLERS 


All data are in Thousands of Dollars 


NET SALES 


Product and Type 
of Customer 
Complete Aircraft and Parts 
For U. S. Military Customers 
For Other Customers 
Total— Aircraft and Parts 
Aircraft Engines and Parts 
For U. S. Military Custorrers 
For Other Customers 
Total-- Engines and Parts 
Aircraft Propellers and Parts 
For U. S. Military Customers 
For Other Customers 
Total—Propellers and Parts 
Total 
Total 


U. S. Military Customers 
Other Customers 


Other Products and Services 


Total All Products 


Year 
1957 1956 
$5,607,000 $4,740,000 
1,165,000 814,000 
$6,772,000 $5,554 ,000 
$2,137,000 $1,718,000 
390 ,000 317,000 
$2,527 ,000 $2,035 ,000 
$ 140,000 $ 101,000 
43 ,000 
$ 183,000 $ 136,000 
$7 ,884 ,000 $6 ,559 ,000 
1,598 ,000 1,166,000 
$2,284 ,000 $1,771,000 
$11,766,000 $9,496 ,000 


NUMBER AND VALUE OF CIVIL AIRCRAFT SHIPMENTS 


Units Value in Thousands 
Month 1958 1957 1958 1957 

January 579 584 $ 62,311 $ 48,431 
February 510 523 65,046 49,278 
March 675 46 ,636 
April 657 57,980 
May 672 84,136 
June 590 69,497 
July 525 70,649 
August 519 62,990 
September 466 54,911 
October 474 45 ,687 
November 516 47,213 
December 544 44,856 

Total Year 6,745 $682 ,264 

Total 2 Mos. 1,089 1,107 $127 ,357 $ 97,709 

SHIPMENTS OF PISTON ENGINES 
FOR CIVILIAN AIRCRAFT 
Units Value 
Month 1958 1957 1958 1957 

January 1,033 920 $ 8,883,000 $ 12,445,000 
February 1,139 902 9,696 ,000 13,596,000 
March 1,010 13,975,000 
April 950 14,388 ,000 
May 1,020 15,160,000 
June 933 15,636,000 
July 801 12,748 ,000 
August 776 8,603,000 
September 728 10,150,000 
October 921 13 ,638 ,000 
November 878 9,880,000 
December 1,020 12,237,000 

Total Year 10,859 $152,456 ,000 

Total 2 Mos. .. 2,172 1,822 $ 18,579,000 $ 26,041,000 
80 


BACKLOG 


December 31 
Product and Type 


of Customer 1957 1956 
Complete Aircraft and Parts 
For U. S. Military Customers $ 6,426,000 $ 8,837,000 
For Other Customers 2,805,000 2,907,000 
Total Aircraft and Parts $ 9,231,000 $11,744,000 
Aircraft Engines and Parts 
For U. S. Military Customers $ 2,379,000 $ 3,316,0C0 
For Other Customers 591,000 749 ,000 
Total Engines and Parts $ 2,970,000 $ 4,065,000 
Aircraft Propellers and Parts 
For U. S. Military Customers $ 125,000 $ 146,000 
For Other Customers 33 ,000 45,000 
Total Propellers and Parts $ 158,000 $ 191,000 
Total U.S. Military Customers $ 8,930,000 $12,299,000 
Total Other Customers 3,429 ,000 3,701 ,000 
Other Products and Services $ 2,161,000 $ 2,250,000 
Total All Products $14,520,000 $18,350,000 


AIRFRAME WEIGHTS OF CIVIL AIRCRAFT SHIPMENTS 


Thousands of Ibs. Avg. /Aircraft 


Month 1958 1957 1958 1957 
January 1,909.9 1,574.9 3,299 2,697 
February 1,891.4 1,554.0 3,7C9 2,971 
March 1,625.6 2,408 
April 1,886.6 2,871 
May 2,558.0 3,8C6 
June 2,114.0 3,583 
July 2,096.0 3,992 
August 1,950.6 3,758 
September 1,641.1 3,522 
October 1,456.5 3,073 
November 1,480.8 2,870 
December 1,430.8 2,630 

Total Year 21, 368.9 3,168 
Total 2 Mos. 3,801.3 3,128.9 3,491 2,826 

TOTAL HP. OF AIRCRAFT PISTON ENGINE 
SHIPMENTS FOR CIVILIAN USE 
Total Hp. Avg. Hp. 
in Thousands per Engine 

Month 1958 1957 1958 1957 
January 459.9 604.4 445 657 
February 505.4 647.0 444 717 
March 679.2 672 
April 668.2 703 
May 715.8 702 
June 730.4 783 
July 590.4 737 
August 425.6 548 
September 482.8 663 
October 628.3 661 
November 473.0 539 
December 586.2 575 
Total Year 7,400.3 666 
Total 2 Mos. 965.3 1,251.4 444 687 
Aircraft and Missiles Manufacturing ¢ June 1958 
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STAINLESS ICBM 


Atlas ICBM is practical- 
ly a steel balloon. 


Tanks comprising almost 
the entire length of the missile 
are of thin gage stainless steels. 


Called “integral tanks” 
they constitute about 
90 per cent of the actual surface 
of the missile, they do not attain 
final shape and strength until 
internal tank pressurization. 


because 


Stainless steel] used 
to attain an ultra-lightweight 
structure with extreme tensile 
strength and high resistance to 
temperature and corrosion. Ex- 
cept for the warhead, the make- 
up of which is secret, the entire 
protective skin of the Atlas is 
of this iron, nickel and chrom- 
ium alloy. 


Was 


Like other ballistic mis- 
siles in the development stage, 
the Atlas is painted with broad 
vertical and horizontal stripes 
of special paint to allow photo- 
graphic measurements of pitch 
and roll. 


Aircraft and Missiles Manufacturing 


SPACE CHALLENGE CITED 
FOR BALL BEARINGS 


The director of M. I. T.’s 
Instrumentation Laboratory be- 
lieves the instrument ball bear- 
ing industry will meet the chal- 
lenge of satellites, rockets, and 
interplanetary ships by improv- 
ing materials, equipment, and 
test methods. 


The director, Charles 5. 
Draper, told the Instrument 
Ball Bearing Conference spon- 
sored by the New Departure Di- 
vision of General Motors that 
higher quality bearings are 
needed because bearing mal- 
functions “‘will very often cause 
over-all system failures.” He 
cited the from long 
flight times of space vehicles 
with their high speeds, tempera- 
tures and lubrication difficulties. 


stresses 


New materials 
Draper said, 
steel and 
steel alloys. These, with new 
heat treatments, he added, 
should “make it possible to re- 
duce erratic plastic movements 


offering 
include 
stainless 


promise, 


high speed 


of gyro assemblies by approxi- 
mately one order of magnitude 
from the movements now being 
realized in practice.” 


High precision instru- 
ment ball bearings are used in 
the inertial guidance (self con- 
tained) gyro stabilization sys- 
tems of missiles such as Thor, 
Sibs and Achiever. Research is 
continuing on coefficients of fric- 
tion, resistance to fatigue and 
oxidation. 


Gyroscope precision is 
limited by forces in ball bearings 
causing “drift.” Work is being 
done to reduce drift by using 
more small balls, the gothic arch 
ball bearing design, isoelastic 
gyro rotors, and separators of 
new thermo-plastic materials. 


Because of the research, 
declares Draper, “the future of 
ball bearings in the age of space 
vehicles is bright.” 
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TRIM VANGUARD SET 
FOR 1.G.Y. TRY 


Pictured above is the 
Navy’s Vanguard missile before 
its May 26 launching in the 
first attempt planned  specifi- 
cally under the IGY program, 
to thrust a satellite into space. 


Tagged SVL-1, the IGY 
attempt failed despite all three 
stages of the rocket firing suc- 
cessfully. A test firing on April 
28 failed to put an instrumented 
20-in. satellite into orbit because 
its third stage failed to ignite. 


The rocket was sent off 
under the Navy IGY program 
calling for one launching a 
month. Different type satellite 
instruments will be used each 
time. 
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GUN POD STRENGTHENS 
NAVY AIRCRAFT 


An aircraft under-wing 
gun container carrying a new 
double-barreled 20 mm _ auto- 
matic cannon was shown at the 
recent Naval Air Weapons Meet 
by the Navy Bureau of Ord- 
nance and The Aircraft Div. of 
Hughes Tool Co., Culver City, 
Calif. 


The container, or pod, is 
attached to an aircraft by two 
connections, and can be _ jetti- 
soned. 

One pod equips a plane 
with the firepower of eight 
World War II 20 mm cannon. 

Designated the Mark II, 
the cannon has a firing rate of 
1000 high-explosive shells per 
minute, or 2000 per minute from 
each barrel. A single revolver 
cylinder feeds cartridges to both 
barrels. Any plane capable of 
carrying an 1100-lb load can be 
converted into a gun-firing tac- 
tical aircraft. 


FIGHTING FIRE BY HELICOPTER 


The French D.T.I. has perfected special equipment 
light enough to be carried by the “Alouette” 
ing operations. Operating on tribromofluorine, the equipment weighs 


about 814 lb. It can be set into operation in 30 sec. 
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helicopter in fire-fight- 


MACHINE TOOL BUILDERS 
IN WORLD MARKET 


Machine tools are often 
called the Muscles of America. 
However, foreign competition 
and the recession are giving the 
domestic machine tool industry 
a real fight. The way the U. S. 
meets the challenge will have 
worldwide consequences. 

Top machine tool pro- 
ducers besides the U.S. are Rus- 
sia, West Germany, and Great 
Britain. Russia claims annual 
output of 125,000. West Ger- 
many has snapped back from 
reparations to Russia in the last 
ten years to increase annual m-t 
production to over $700 million. 
British m-t production for 1957 
was almost $1 billion. The U. 5. 
output was $1,088,450,000. 

What can the machine 
tool industry do? Here are some 
of the paths proposed at the Na- 
tional Machine Tool Builders 
Asso. conference: 

1. Establish tariffs or 
quotas on machine tool 
imports. 

2. Keep the present tariff 
system and meet com- 
petition through tech- 
nological advances. 
Some firms have made 
wholly-owned subsidi- 
aries out of their dis- 
tant competitors to op- 
erate in the European 
common market, where 
the dollar 
has restricted impor- 
tation of products 
made in the U. S. A. 

4 Persuade foreign 
countries to loosen 
certain tariff and li- 
censing restrictions. 

5. Interpret the “Buy 
American” Act of 1953 
so that heads of execu- 
tive agencies would 
order from domestic 
producers. 

6. Seek revised deprecia- 
tion policies to pro- 
vide five year amorti- 
zation. 


= 


shortage 
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Two naval versions 


for use on aircraft carriers. 


JET TRAINERS FOR CARRIERS 


of the 
“Esquif” recently underwent qualification tests 
These two-seater 
jet propelled trainers, going into initial produc- 
tion at Tolouse-Blagnac, performed successfully 
in 99 catapaultings and deck landings. 


Fouga 175 The 


ANTI-SUBMARINE AIRCRAFT 
Breguet 
successfully performed a series of tests by the 
French Naval Air Force. Officials said the plane 
complies with requirements for anti-submarine 
use with the new aircraft carriers of the French 
Navy. Tests were given at Hyéres and Toulon. 


“Alize” 


1050.03 and 04 


A “Spacetronics”’ 
tion has been established at Al- 
len B. Du Mont Laboratories, 
Clifton, N. J., for a unified effort 
in astronautic development. 


Reaction Motors,  Inc., 
first rocket engine firm in the 
U. S., has merged with Thioko! 
Chemical Corp., which becomes 
the surviving firm. Thiokol 
headquartered in Trenton, has 


opera- 


developed and produced solid 
propellant engines since 1945. 
Reaction, Denville, N. J., estab- 


lished 1941, has concentrated 


mainly on advanced liquid pro- 
pellant powerplants. 


Solar Aircraft Company 
has announced a new $3,000,000 
contract from the Air Force to 
build gas turbine powered air- 
borne generator for the 
KC-135 jet tanker. 


sets 


Data-Control Systems, 
Inc., Danbury, Conn., announced 
receipt of a contract from the 
Army for construction of a 
major data center for Army 
missile and satellite research 
programs. 


Aircraft and Missiles Manufacturing 


TERRA-SCOPE 


Temco Aircraft Corp. has 
received an additional order for 
ailerons, tabs and wing flaps for 
the huge Lockheed C-130 Her- 
cules military transport manu- 
factured at Marietta, Ga. 


Air Materiel 
has awarded Boeing Airplane 
Co. a contract totalling $202,- 
866,300 for 150 KC-135A jet 
multi-purpose tanker-transport 
aircraft. This brings to 345 the 
total KC-135’s now on order. 


Command 


The Bureau of Ordnance 
has awarded Sperry Gyroscope 
Co., Div. of Sperry Rand Corp. 
three contracts, totaling $63 
million, for producing major 
components for the TALOS and 
TERRIER guided missile sys- 
tems. 


Aerojet - General Corp. 
has received a $1,500,000 con- 
tract for solid propellant rocket 
development at its Sacramento, 
Calif., plant. 


June 1958 


Phileo Corp. has been 
awarded a $15-million contract 
for continued production of in- 
frared guided Sidewinder mis- 
siles. 

. 

National Research Corp., 
Cambridge, Mass., and Lay- 
bold - Hochvakuum - Anlager, 
G.m.b.H., Cologne, Germany, 
have negotiated a five-year cross 
licensing agreement in high vac- 
uum engineering. 

7 

Sylvania Electric Prod- 
ucts, Inc., has been awarded an 
additional $23 million for ex- 
panded production of the elec- 
tronic counter measures system 
for the Air Force B-58 “Hus- 
tler.”” The firm also was awarded 
an additional $4.5 million con- 
tract for expanded development 
of the PLATO anti-missile mis- 
sile system. 

” 

The Singer Manufactur- 
ing Co. has formed a Military 
Products Div. to develop and 
produce electronic and electro- 
mechanical equipment for the 
defense industries and_ the 
Armed Forces, with special in- 
terest in the missile and space 


fields. ® 
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june 4-5 
t coast symposium on magnesium applications in air 
raft and missiles. 
society of aircraft materials and process engineers 
magnesium association 
institute of aeronautical science building, los angeles, calif. 
¢ 
une 4-6 
rst national missile industry conference and dr. robert h 
oddard memorial dinner. 
american rocket society; national rocket club 
mayflower hotel, washington, d. c. 


+ 


= 


june 9-12 

semi-annual meeting and astronautical exposition 
american rocket society 

hotel statler, los angeles, calif. 


+ 
june 9-13 
fourth international automation congress and exposition 
coliseum, n. y., n. y. 
+ 
june 15-19 
semi-annual meeting 
american society of mechanical engineers 
hotel statler, detroit, mich 
e 
june 16-18 
second nationa! convention on military electronics 
sheraton park hotel, washington, d. c 
Sd 
june 22-27 
61st annual meeting 
american society for testing materials 
hotel statler, boston, mass. 
+ 
june 27 
first water-based helicopter symposium 
bureau of aeronautics; stevens institute of technology 
stevens institute, hoboken, n. j. 


+. 
july 8-11 
national summer meeting 
institute of the aeronautical sciences 
ambassador hotel, los angeles, calif. 


6 
august 25-30 
ninth annual congress 
international astronautical federation 
amsterdam, holland 

© 
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AIRCRAFT 
AND MISSILES 
MANUFACTURING 
is read by more than 19,000 


key engineering, 


production and procurement 


men in plants 
producing aircraft, missiles, 


power plants and parts. 


Aircraft and Missiles Manufacturing ¢« June 1958 


your dat&\Book 
A 
| ee 


AIRCRAFT. CORPORATION + DALLAS, TEXAS 


isigent metal, titanium in precision assembl 
Through the development of Temco’s Ti-Brite 
> which once limited the material's 


ching or disturbing the most 


And at Temco a successfu or chror ating titanium may be the 


mayor break-through in the feasibility study for extending its temperature resist 
ance beyond the 800-1000°F range. Forming, spot welding, precision machining 
are everyday operations. Temco’s proven capabilities in precision automatic 
fusion welding have proved especially effective in the assembly of titanium 
parts. A case in point: the front compressor casings of Pratt & Whitney's J-57 
engine, produced at Temco 


Quality and reliability of assemblies produced at Temco are assured by the 
extensive facilities of the Quality Control Department and Metallurgical Labora 
ti 


tory. These include the newest non-destruc 
equipment 


ve spectographic and large X-ray 


Capabilities in advanced metallurgy . . in titanium, aluminum, austenitic steel, 
Stainless steel . . are typical of Temco progress. And now research and develop- 
ment capabilities are challenging the rare earths . . berylium, columbium, tanta- 
lum, molybdenum . . for tomorrow's needs. As the aircraft industry grows, so 
do Temco’'s capabilities to design, tool and produce for it. Whether your need is 


for a component, a subsystem or a complete system .. . an inspection of Temco will 
be informative and profitable. 
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DRILLS or TAPS 


6 different diameters in 22 SECONDS! 


The new 
Bench Model Semen nant 


« Power indexes between stations 
e Individual speeds on each spindle 


e 2 complete speed ranges 


/, 


e 4 maximum capacity 


e Protective overload slip clutches 
on spindle drive 
and indexing mechanisms 


Here’s the newest, most efficient drill press 
available for making small holes, faster! 
A Burgmaster finishes the job in the time 
normally required to move work fron 
spindle to spindle —without machining ! No 
lost motion, no operator fatigue...the pow- 
erful B irgmaste r Bench Model dri lls up to 
i,” diameters in steel; taps, counterbores, 


: L 7 « ’ 
countersinks, reams, spot-faces! 


INSTANTLY INDEXES ITSELF to each new station 
a chan ge of hole diameter or tooling. 
te operations can be performed with 


ae 
1y spir are without indexing. 


INDIVIDUAL SPINDLE SPEEDS—Ea ch spindle has 

its own <P yeed for gre atest drilling efficiency 

with different tool sizes and with ou 

ing belts, gears, etc. Two spindle speed including motor and controls, 
ranges cover 95% of all machining require- iess tooling shown 

ments with tools up to 14” in iMate te 

Spindles can be located in any station se- 

quence for maximum production efficiency. 


; 


% PII RPMASACTLE'T. 
€ ve BURGMASTE! 


ydenniengeseesstap-eyee- talus apac ty, | 1%” in steel; overall 
dimensions, height 3142”; width, 17”; depth 20”; motor, 
VY hp; ch ok acteas abana “mM 

, 2%”; center of spindle 
” geared head permits each s 

predetermined speed between 350-6 


7 
vr; 
| 


phone, wire or write Dept 


‘<a elees 


Small T Division + Burg Tool Manufacturing C Co iT 
a 13226 s Figueroa St., Box 311 1, Gardena, if 


Circle 30 on eee ae e: eS . 
Inquiry Card, page 65 ae o- ‘Burgmaster Corp, 5329 Lincoln Ave, Lange oe Prone 
; : mentuees, mu. pen com. 4 86 N. a 
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